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The present work describes the studies on inorganic ion 
exchangers and determination of organic compounds spectrophotometricallj^ 
The subject matter of this dissertation is organized into 7 chapters. 
The first chapter deals with the introduction; the second, third and 
fourth chapters deal with two new inorganic ion exchangers. Chapter V 
deals with the applications of an inorganic ion exchanger in organic 
analysis. Sixth and seventh chapters are devoted to the determination 
of amines and nitro compounds spectrophotometrically. 
A new inorganic ion exchanger, ferric arsenate has been 
prepared by mixing decimolar solutions of ferric nitrate and sodium 
arsenate (or arsenic acid) in different ratios. A sample of ferric 
arsenate was also prepared by homogeneous precipitation method by 
changing arsenite to arsenate using hydrogen peroxide. The product 
formed by homogeneous precipitation method is most stable. The ion 
exchange capacity for alkali metal ions and alkaline earth metal ions 
has been determined by column operation and varies from 0.30 to 
0.80 meq/gm of the exchanger. The ion exchange capacity so obtained 
depends upon hydrated radii of the exchanging cation and there is a 
linear relationship between capacity and hydrated radii of the ions 
of the same group. 
The chemical composition of the various samples of ferric 
arsenate has been determined and the results are compared with those 
obtained by electrometric titrations. The effect of drying temperature 
on ion exchange capacity has also heen studied. pH-titration curves 
with and without added salts have been discussed. 
Distribution coefficients of 26 metal ions in nitric acid 
(iO~'M) and phenol (O.IM) solutions are determined. On the basis of 
a large difference in Kd values some important separations are tried. 
As a result the separation of Ba from Mg , Ca , Sr » Pb and 
Al from G& have been achieved quantitatively within the experimenta: 
error range. 
Another new inorganic ion exchanger aluminium antimonate is 
synthesized by mixing aluminium nitrate and antimony pentachloride 
in different ratios at the required pH. A sample is prepared by 
refluxing for comparison. The ion exchange capacities for the direct 
and reverse process of exchange are determined on the column of 
aluminium antimonate. The ion exchange capacity of the material 
depends upon the pH at the time of preparation. 
The pH titration curves with and without added salts are 
plotted for different alkalies and combined with their respective 
chloride salts. Aluminium antimonate in H"** form works as a mono-
functional weak acid. 
Chemical composition of the material gives an apparent mole 
ratio of Al:Sb as 4:1. This exchanger is most stable of all the 
antimonates studied so far as ion exchanger. A comparison of stability 
is given. Hydrolysis of aluminium antimonate is also studied and 
the results of various samples are compared. 
A study of distribution coefficients in 9 solvent systems is 
made and on the basis of differential selectivity important separations 
were triedy separations of Th^ -^UO^ "*", Ni^^-Cu^* -Ag*, Mg^* -Ca^*, 
Mg^* -Sr^* and Mo^* -Ti^* -W^* have been achieved. The separation 
limits are given. 
The reproducibility of aluminium antimonate has been checked 
by its replicate preparation in five different batches under the 
similar conditions. The physical properties, ion exchange capacity, 
chemical composition and distribution coefficients of common metal 
ions are compared. These results indicate the reproducible syntheis 
of aluminium antimonate under these conditions. Some important 
separations of Mg-Ba, Zr-Ti, Hg-Cd-Zn and Ti-V are achieved quantita-
tively. Infra red spectra is discussed and a tentative structure is 
given. 
Ion exchange chromatography has been applied for the separation 
and determination of amines. Amines are first converted to amine ions 
(hydrochlorides). Their aqueous solutions are chromatographed on 
papers impregnated with stannic molybdate, an inorganic ion exchanger. 
On the basis of difference in R_ values the separations are tried on 
the columns of stannic molybdate. Various important separations are 
listed. The theoretical behaviour of movement of amine hydrochlorides 
on these papers is discussed with the help of plots of pH versus IL. 
(where H^ j = log (- 1)). These plots show a linear relationship 
between IL, and pH. The elution order from the column is in accordance 
with the Rp values on papers impregnated with stannic molybdate. 
A sensitive method for the spectrophotometric determination 
of aliphatic as well as aromatic primary, secondary and tertiary 
amines is described. The determination is based on the formation of 
greenish violet colour by the reaction of amino compound with 
acetyl chloride and ferric ion. The method is applicable for 
o 
50 ug - 10 mg of amino compound. The reaction is performed at 65 C 
and at pH 1.8 and the absorbance is recorded at 550 nm. 
The effect of various variables viz., temperature, concentra-
tion of ferric nitrate, amount of acetyl chloride and pH is studied. 
The results of calibration curves for aniline, diphenylamine, pyridine, 
diethylaniline, phenylenediamine, £-toluidlne, methylamine, ethylamlne, 
isopropylamine, amylamine, 1,3 diaminopropane, morpholine and 
piperidine are given. Studies of precision and interferences are made. 
Mechanism of the reaction is given with experimental evidences. 
Aromatic nitro compounds (nitrobenzene, £-nitro aniline, 
m-nitrobenzaldehyde, £-nitro toluene and £-nitrophenol) can be 
determined using zinc in the presence of ammonium chloride as a 
reducing agent. The aryl hydroxyl amine which is formed reacts with 
acetyl chloride and iron(III) to produce a violet coloured complex 
Amax is 550 nm. The determination is applicable for the range of 
50 ug to 10 mg for nitrobenzene, £-nitro aniline, m-nitrobenzaldehyde, 
£-nitro toluene and £-nitro phenol. The effect of pH and time on 
the formation of complex has been studied. 
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INTRODUCTION 
C H A P T E H - I 
INTRODUCTION 
Analjrtical chemistry deals with the development of methods 
for identification, separation and determination of the substances. 
Identification of the substances forms the branch qualitative analysis 
and determination forms the branch quantitative analysis. Generally 
the separation is the pretreatment procedure for most of the 
determinations and sometimes for identifications. Thus all the three 
techniques form the subject of chemical analysis. Chemical analysis 
is based upon classical and modem methods of analysis. The modem 
methods of analysis are divided into two broad groups viz., instrumen-
tal and non-instrumental. Much of the interesting wo lie, at present, 
is based on the use of instrumental techniques. The non-instrumental 
techniques have also got the equal importance to tackle various 
problems with the involvement of less money. The non-instrumental 
techniques are developed mainly for separation. The various methods 
of separation are chromatography, electrophoresis, ion-exchenge, 
solvent extraction, ring oven techniques and dialysis etc. Berg has 
given a coincise account of such methods in his book entitled "Physical 
and chemical methods of separation" (i). Ion exchange and chromato-
graphy are most vers)|^ ile techniques in the field of separation science. 
Now-a-days, the ion-exchange is an extremely valuable technique. All 
over the world numerous plants are in operation for developing the 
2 
separations of inorganic, organic and biochemical mixtures. Ion 
exchange is a process in which an insoluble (or immiscible) material 
when comes in contact with an electrolyte solution, the material 
takes up ions of positive or negative charge and releases other ions 
of like charge from the exchanger phase into the solution phase in an 
equivalent amount. In laboratories ion-exchangers are used as an 
important tool for the solution of new problems facing our industria-
lists and scientists. The most important application of ion-exchange 
is the purification of water in an age when air and water pollution 
may lead to an alarming situation. 
A description of ion-exchange process can be cited in the 
most ancient literature following a paragraph written in the holy 
Bible. Moses (2) wrote that the bitter water can be converted into 
drinkable water by using pieces of wood. Aristotle (3) stated that 
sea water loses parts of a salt content when filtered through certain 
type of soil. The ion-exchange properties of wood cellulose in the 
first case and that of silicates in the second case might have played 
the role for the improvement of the taste of water. For a long period 
no efforts were made to cite the ancient references. 
The phenomenon of ion-exchange was rediscovered by Thomson (k) 
and Way (5) in 1850 by the name of base exchange in soils. Vhen 
soils are treated with ammonium salts, ammonium is taken up by the 
soil and an equivalent amount of calcium is released. It was 
established by Eichom that zeolites were responsible for this exchaige 
in soils (6). Aluminium silicate was first ssoithesized by Harms and 
Riiatpler (7). According to Lemberg (8) and Viegner (9) the materials 
responsible for this phenomenon were defined mainly clays, zeolites, 
gluconites and bumic acids. These discoveries led to the use of the 
natural materials for water softening. Gans was ambitious to recover 
gold from sea water adopting this technique. But he could not fulfil 
his ambitions because the material of this type available at that time 
proved to be inadequate for the purpose. Gans (lo) recognized the 
practical utility of the ion-exchange phenomenon for water softening 
using natural and synthetic zeolites and clays. The exhausted bed 
of the ion-exchanger was regenerated by passing a concentrated solution 
of sodium or potassium salts. Because of this possible regeneration 
these zeolites and clays could be used over and again. Limitations 
of zeolites and clays were soon recognized, i.e., zeolites are 
decomposed by acids and clays are difficult to handle. To overcome 
these limitations a search for stable ion-exchange material was 
started. In 1931 Kullgran (11) observed that sulphite cellulose 
works as an ion-exchanger for the determination of copper. An 
interesting discovery began in 1935 whei Adams and Holmes found that 
crushed phonograph records exhibit ion-exchange properties. The 
remarkable effect led the inventors to the synthesis of organic ion-
exchange resins which had much better properties than any of the 
previous products {12). Various improvements were made in these 
resins, mainly after world war II by Companies in U.S.A. and England. 
These resins are stable towards acids and easy to handle. The 
structure can be varied as desired, therefore, the difficulties 
observed with zeolites and clays were removed by the introduction of 
resins. Since then these organic ion-exchangers have been used both 
4 
In laboratory and on industrial scale for separations, recoveries of 
metals, purification of water, concentration of electrolytes, reactions 
of precipitates and elucidating the mechanism of many reactions (13). 
The applications of organic ion-exchange resins are also 
limited under certain conditions i.e., they are unstable in aqueous 
systems at high temperatures and in presence of the ionizing radiations. 
For these reasons there has been a revived interest in inorganic ion 
exchangers in recent years, as they are unaffected by ionizing 
radiations and are less sensitive to higher temperatures. The 
structure of these inorganic ion-exchangers is stiff, therefore they 
are more selective and suitable for the separation of ions on the 
basis of their different sizes. For this reason they can also be used 
as ionic or molecular sieves. Being suitable towards ionizing 
radiations they can be used advantageously in reactor technology. In 
order to understand these applications and to improve upon them 
systematic fundamental studies are being pursued on these materials. 
This new interest in inorganic ion-exchangers may be said to begin 
in 1943. It was first shown by Boyd (14) that columns containing 
finely divided zirconium phosphate supported on silica gel could be 
used to separate uranium and plutonium from fission products by an 
ion-exchange process. In addition to zirconium phosphate many other 
similar substances may be prepared by combining oxides of group IV 
with the more acidic oxides of groups V and YI of the periodic table. 
The various inorganic ion-exchangers synthesized upto 1963 
have been admirably reviewed in the monograph of Amphlett (15) which 
has become a classic in this field. The studies on these materials 
from 1963-i969 have been summarized by Pekarek and Vesely (16,1?) 
under the following heads: 
1. Hydrous oxides 
2. Acidic salts of multivalent metals 
3* Salts of heteropolyacids 
k. Insoluble ferrocyanides 
5. Synthetic aluminosilicates 
6. Certain other substances e.g., synthetic apatites, sulphides and 
alkaline earth sulphates. 
The synthesis and applications of inorganic ion-exchangers 
have been reviewed by Walton (18,19,20). At present a large number of 
inorganic ion-exchangers have been studied. The synthesis and ion-
exchange properties of the compounds of this class are summarized in 
table - 1. 
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A search of the literature show very little work on iron and 
aluminium based exchanger and as iron and aluminium salts are less 
expensive it was therefore decided to synthesize iron and aluminium 
hased exchangers. 
For a complete description of a suhstance as an ion-exchanger 
the following properties must he studied: 
1 . The ion-exchange capacity 
2 . The res i s tance towards acids and bases 
3» Con^osition 
4. Hydrolysis 
3. Potentiometric titrations 
6. Distribution of ions between solvent and exchanger phases 
7* Thermodynamics 
8. Kinetics 
9. Analytical applications. 
For characterizing a new ion-exchange material and for 
numerical calculations used in operations, its ion-exchange capacity 
must be determined. For a strong ion-exchanger the capacity can 
readily be determined by direct titration for example, a strong cation 
exchanger in H*-form can be titrated with a strong base like sodium 
hydroxide. But the synthetic inorganic ion-exchangers behave as weak 
ion-exchangers and, therefore, the direct titraction is not reliable. 
Here the better way of determining the ion-exchange capacity is 
studied by replacement of hydrogen ions from the exchanger phase by 
the ions of a neutral salt and of determining the eguilibrium ion-
exchange capacity is by pH titrations. 
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The chemical stability must he studied in order to check the 
limitations of the s}aithesized material to be used in acidic and 
basic media. 
Potentiometric titrations are helpful in finding i^ether the 
exchanger is monofunctional or polyfunctional. Alberti has made 
some important studies on crystalline zirconium phosphate by studying 
the titration curves of zirconium phosphate with alkaline earth metal 
hydroxides (113). He found that these curves are strongly affected 
by hydrolysis of exchanger and precipitation of insoluble phosphates. 
He found that Ca precipitates on the exchanger at 70% exchange, 
Sr at 80% exchange and Ba at 10% exchange. No exchange was 
found with Mg(0H)2 probably because the hydrated ion of Mg is very 
large and it cannot penetrate in the cavity of the exchanger. He also 
studied the forward and reverse Na^-K* ion-exchange isotherm (11^) 
and found that Na'^ -K'^  exchange in an aqueous solution is a two step 
process with partial phase solubility. Alberti also studied the ion 
exchange on crystalline zirconium phosphate prepared either by the 
refluxlng procedure or by the direct precipitation procedure (115). 
It was found that two materials, although exhibiting similar x-ray 
powder patterns, possess different ion-exchange behaviour. 
The distribution of an ion between the exchanger phase and 
the solvent gives the measure of the selectivity.on the basis of 
selectivity it is possible to distinguish between different counter 
ions. The exchanger usually takes up certain ions in preference 
to other counter ions. This selectivity may depend, mainly, upon 
1 ? 
the following causes: 
( 1) Donnan potential 
( il) Sieve action, and 
(iii) Complex formation. 
The selectivity is an important factor to study the separations. 
On the basis of distribution coefficients it is possible to predict 
the separation of one ion from the other. 
The inorganic ion-exchangers have been proved useful not only 
in the separation of radioactive materials and for use at high tei^e-
ratures but they have found numerous other applications. Some 
important analytical applications can be catagorized as follows; 
1. Purification of the substances on a large scale. 
2. Separation of one ion from other on the small columns of ion-
exchanger. 
3. Ion-exchange paper chromatographic separations of inorganic and 
organic species. 
Purification on a large scale can be made by passing the 
sample solution through the ion-exchanger beds which take up certain 
materials in preference to other. The exchanger bed can be converted 
into suitable form by the process of regeneration. This technique 
can also be used for the recovery of various elements from dilute 
solutions. The elements present in the ionic forms are exchanged by 
the equivalent amount of the counter ions present in the exchanger. 
The el^aents are then eluted by some suitable electrolytic reagent. 
JS 
Ionic replacements are usually quite simply carried out. Metallic 
ions are replaced stoichiometrically by hydrogen ions* which can be 
titrated with a standard base. Thus the amount of metal ions can be 
determined indirectly by the application of exchange reaction: 
n HH* • M"* >^ M R^ + n H* 
A similar method can be applied for the replacement of anions by 
hydroxyl ions stoichiometrically. 
Ion-exchangers are also used for the separation of organic 
compounds iiAiose ionic behaviour may be somewhat less well defined. 
Ion-exchange is becoming increasingly valuable in Organic analysis 
(116-120). For application to the separation of organic compounds 
the ion^exchange procedures may be classified as follows; 
( i) Separation of ionic species from non-ionic ones, 
( ii) Separation of complexes of organic compounds, 
(iii) Separation in the form of acid or base, 
( iv) Converting the non-ionic species into ionic species e.g., 
formation of salt, prior to separation. 
The most difficult operation in organic analysis is the 
separation of conqponents into the forms used for the easy determina-
tions. Several methods have been developed for this purpose. 
Chromatography and ion-^ exchange have revolutionary effects on this 
analysis. Chromatography reduces the time duration to a great extent, 
This technique is extremely valuable, since compounds which are 
1 9 
similar enough to defy separation by any other method are often 
resolved hy quite simple chromatographic procedures. Column 
chromatography is valualilei since the substances separated are 
collected quantitatively. An important development which enables 
the use of paper separations as a preprative separation technique 
and ^ ich utilizes to advantage the combined effects of paper 
chromatography and ion-exchange is the chromatography on papers 
impregnated with ion-exchangers. The equipment necessary is very 
simple. These ion-exchange papers are easily prepaored by treating 
them with precipitating electrolytic solutions one after the other. 
The separations achieved on these papers are rapid, selective and 
clean and are» therefore, extensively used in analytically and bio-
chemically important separations. Very few methods are available for 
the separation of organic compounds individually by other methods. 
While paper chromatography of these compounds on impregnated ion 
exchange paper seems promising. The separations of organic substances 
on these papers are reviewed in table 2. 
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After separation, applying modem non>instrumental methods, 
the next important step is the determination of compounds hy 
instrumental techniques. This may be applied to both inorganic and 
organic analysis. However, over the last three decades there is an 
increased interest in the field of organic analysis which is divided 
into two major areas: (i) functional group analysis, (ii) spectroscopic 
measurements. 
The work on functional group analysis has been reviewed by 
Cheronis & Ma (126) in their famous book and by P.T. Weiss (127). 
Recently Smith and Patterson have reviewed the work in this area (128). 
T.S. Ma and M. Gutterson have reviewed the recent work on elemental 
analysis of organic compounds mainly in microgram quantities (129). 
Spectrophotometric determination of organic compounds has received 
much attention especially in trace analysis. Spectrophotometry applied 
in visible region is a very suitable technique when a colour is 
observed by a particular reaction. Very few reactions are specific 
but a large number of reactions are selective or can be made selective 
by the proper adjustment of conditions and hence can be applied for 
the determination of organic compounds. 
In the present work the synthesis of two new inorganic ion 
exchangers: ferric arsenate and aluminium antimonate is described. 
Their physical and ion exchange properties are studied. Their 
application in the field of separation science is explored by achieving 
some important separations on the columns of these materials. Stannic 
molybdate papers have been used to predict the separation of amine ions 
24 
on columns of this exchanger and some separations are achieved on 
stannic molyhdate columns. The elution order on columns is in 
accordance with the Rp values observed on papers. Spectrophotometric 
procedures for the determination of amines and nltro compounds are 
described. Interference studies are made to see the utility of the 
methods. 
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C H A P T E R - II 
SYNTHESIS, im EXCHANGE PROPERTIES AND APPLICATIONS OF FERRIC ARSENATE 
Synthetic Inorganic ion excbangers are undergoing rapid 
development. H.F. Valton (1) reviewed the applications of these 
exchangers in the analytical field. Most of them are prepared hy 
direct precipitation. Out of the various inorganic ion exchangers 
nost studies are reported on zirooniun phosphate (2). Arsenates 
should also follow the same trend as phosi^ates. Arsenates of 
zirconium (3), titanium (4), chromium (5), tin (6), thorium (7) 
and cerium (8) have been synthesized and used for various column 
and paper chromatographic purposes. Ferric arsenate has not heen 
studied as an ion exchanger so far. Therefore, it was decided to 
synthesize this material under varying conditions of mole ratio, 
tenqserature and pH and to study its ion exchange behaviour. The 
product formed hy homogeneous precipitation showed the maximum 
stability. Therefore most of the work is reported on this sample. 
Some analjrtically important separations are achieved. Efforts are 
made to correlate ion exchange capacity with hydrated radii. 
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E X P E R I M E N T A L 
Reagents: 75% V/T arsenic acid (B.D*H.)> sodium arsenate dibasic 
(Rledel), sodium meta arsenite and ferric nitrate (B.D.H.) were used. 
All other reagents were of AnalaR grade.(^^ h-^  "^  7 
Apparatusi An Elioo pH meter model Li-10, Bausch and Lomb 
Spectronio-20y temperature controlled SICO shaker, conductivity 
hridge Model Philips PR 9500 and Sargent Oscillometer type (V) 
were used for pH measurements, spectrophotometry, shaking, oonducto> 
metry, high frequency titrations respectively. 
Synthesis procedure; Ten samples of ferric arsenate were prepared 
hy mixing O.IM solution of sodium arsenate (or arsenic acid) (A) and 
O.iM solution of ferric nitrate (B) in different ratios. The 
solution of sodium arsenate or arsenic acid was added to the solution 
of ferric nitrate* (Solution (A) was added in small increments to 
solution (B) in a flask and the reaction mixture was continuously 
shaken, this process was called 'regular mixing*). Sample No.11 was 
prepared hy mixing (B) with O.lM sodium arsenite in the ratio of 3:4 
and pH-1 was adjusted by adding HNO. and sodium hydroxide solution. 
No precipitation took place at this stage, fi^drogen peroxide was 
added in sufficient excess and the reaction mixture was heated for 
an hour for complete precipitation (Here arsenite changes to arsenate 
by a slow process and arsenate reacts with ferric nitrate to form 
ferric arsenate). Sample No.12 was prepared by refluxing the mother 
34 
liquor of sample No.2 for 24 hours. The precipitates so formed were 
allowed to settle for 2k hours at room temperature and then washed 
with distilled water several times by decantation till the pH of the 
supernatant liquid was 4-5. This was then filtered and the residue 
o 
was dried at 40 C in an incubator. The dried product broke down into 
small particles when immersed in water. It was converted into the 
hydrogen form by repeated treatment with IM nitric acid finally washed 
e 
with demineralized water and the granules were dried at 40 C. The 
material was now ready for column operation. For distribution studies 
the sample was sized by sieving to get a product of 100-200 mesh. The 
conditions of preparation are summarized in table 3. 
Ion exchange capacity; The ion exchange capacity was determined by 
using some mono and divalent ions. The ion exchange capacity was 
determined by talcing 1 gm of the exchanger in the H*** form (converted 
according to procedure given in synthesis) in a column, and passing 
IM solution of different mono and divalent ions over it. The 
liberated H**" was titrated with standard sodium hydroxide solution. The 
effluent collected in each case was 400 ml. 
The ion exchange capacity of ferric arsenate (sample No.11) 
by IM NaN0» was determined at room temperature after drying the 
exchanger at different temperatures in a muffle furnace for 2 hours 
in every case. 
pH titrations: pH titrations on 0.5 gm of ferric arsenate sample 
No.11 with O.IM solutions of lithium hydroxide, sodium hydroxide, 
potaslum hydroxide were performed by the method of Topp and Pepper 
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(9). In case of titrations with added salts, O.IM solutions of salts 
were added to the aboire mentioned alkalies. The pH of the solution 
after shaking with the reaction mixture for h hours was noted. 
Chemical analysis: The exchanger (0.5^^ was dissolved in 
concentrated HNO. and then iron was precipited as hydroxide (10)« 
Tlie arsenic in the filtrate and iron in the precipitate were 
determined volumetrically with ammonium thiocynate (11) and sodium 
thlosulphate solutions. 
Chemical Stability; 
(a) Equilibrium studies for dissolution: Five hundred milligrams of 
ferric arsenate in H'*' form (no.11) were shaken with 50 ml of water 
in a shaker for different time intervals. The amount of material 
dissolved in each case was determined hy noting the ahsorhanoe of 
the solution after developing the colour for the determination of iron* 
The ahsorhance was 0.09» 0.14, 0.14 and 0.14 when the shaking time 
was 1 hour, 2 hours, 3 hours and 4 hours. This shows that the 
equilibrium is reached in 2 hours and hence any time more than 2 hours 
will be suitable for the dissolution studies. 
(b) Colourimetric determinations: The chemical stability of ferric 
arsenate in H'*' form (No.11) was studied in water, O.IM E9fO., O.IM 
acetic acid by shaking the exchanger 0»5QmM±th 50 ml of the solvent 
concerned in a shaker for 6 hours. The undissolved portion of ferric 
arsenate was filtered off. The ferric and arsenate contents in the 
filterate were determined spectrophotometrically by potassium 
thiocyanate (12) and hydrazine sulphate-ammonium molyhdate method (13). 
(c) Conduotometric determinations: The chemical stability of all the 
twelve samples in H*** form studied in water, O.lM HNO and O.IM acetic 
acid by stirring the 0*5 gm of the exchanger with 50 ml of the solution 
concerned at room teiQ>erature using magnetic stirrer. The undissolved 
portion of the exchanger was filtered were determined by measuring the 
conductance of each sample and solubility was calculated as sparingly 
soluble salt. 
Hydro lysis 8 Bydrolysis of all the samples in H* form was studied by 
talcing the 0.5Q:tv>jof the exchanger In the hydrolysis apparatus, 
(Vlsser*s method) (1%). For this purpose an apparatus assembled in 
which the agitated sample was washed continuously with conductivity 
water (pH 6.5 to 7.0). The flow rate of the effluent was 6-8 drops 
per minute. Effluent 10 ml portions were titrated with O.OIH NaOH 
until the pH approached the value of pure water. 
Conductcmtetrie and oscillometrlc titrations: To get the optimum 
combining ratio of ferric and arsenate, high frequency and conducto-
metric titrations of ferric with arsenate were performed. For high 
frequency titrations 2 ml of the O.lM solution of sodium arsenate 
was taken in the cell, diluted to 100 ml and a O.lH solution of ferric 
nitrate was added from the burette. For the conductcwetrlc titrations 
20 ml of O.lM sodium arsenate solution was taken in the cell diluted 
to 50 ml with conductivity water and was titrated with O.lM ferric 
nitrate. Both titrations showed break at a mole ratio of 3:4. This 
ratio was taken for the preparation of samples Nos.lO and 11. 
3S 
Distribution studies; The Kd values of 26 metal ions were determined 
on the sample prepared "by homogeneous precipitation method in pH-3, 
HNO- and O.IM phenol systems. The amount of cations added to the 
system was less than 3^ of the ion exchange capacity of the exchanger. 
The calculations were made by using the following equation: 
Kd = L-ZJ: ^ Jl ml gm-^  
F 0.5 
where I is the volume of 0.002M EDTA consumed by the original solution 
and F is the voliune of 0.002M EDTA consumed after equilibrium. The 
total volume of the equilibrating solution was 30 ml and the amotmt 
of the exchanger taken was 0.5 gm. The time for shaking was kept 
6-7 hours. Solution of each cation were prepared in demineralized 
water for the determination of Kd values in all the systems studied. 
Column preparation; For separation studies at 30 cm high glass column 
having a diameter 0.39 cm was used. 2,0 gm of ferric arsenate was 
placed in the column with a glass-wool support. The column was 
washed with demineralized water and the amount of cation added to 
the column was less than 3^ of the experimental ion exchange capacity 
of the exchanger. The flow rate of the effluent was 8-9 drops/min. 
All the cations were eluted with 10"-^ M HNO_ finally barium and 
aluminiiun were eluted with i% NH.NO- and O.IM phenol. The cations 
were determined by EDTA titrations. In case of NHjj^ NO- the effluent 
was evaporated to dryness and then titrated with EDTA. Separations 
of Ba^* from Mg^*, Ca^ "*", Sr^*, Pb^* and Al^* from Ga^* have been 
achieved. 
3t) 
R E S U L T S 
All the saniples synthesized were white or gray. They were 
apparently stable in water and dilute acids. 
Ion exofaange studies; The results of ion exchange capacity using some 
Bono and divalent ions are summarized in tahle 4. 
TABLE 4 
ION EXCHANGE CAPACITIES OF SOME MONO AND DIVALENT CATIONS 
ON FERRIC ARSENATE SAMPLE NO. 11 
T T T 
Metal 
ion 
Salt solution used pH Of the 
solution 
5.9 
6.0 
6.0 
6.6 
6.7 
6.7 
6.7 
Ion exchange 
capacity 
meq/gffl 
0.63 
0.80 
0.88 
0.33 
0.56 
0.60 
0.69 
Hydrated 
radii A** 
3.40 
2.76 
2.32 
7.00 
6.30 
-
5.90 
Na^  
K 
Mg 
Ca 
•+ 
4"f 
Sr ++ 
Ba ++ 
Lithium nitrate (2M) 
Sodium nitrate (2M) 
Potassium nitrate (2M) 
Blagnesium nitrate (IH) 
Calcium nitrate (IM) 
Strontium nitrate (IM) 
Barium nitrate (IM) 
M molarity 
4 J 
In oirder to check whether complete replacement of Na''* from 
the exchanger by H'*' has been done or not the ion exchanger was 
converted to H'*' form by column operation in which HNO. (IH) was 
passed over the exchanger column. This ensures the complete 
conversion because here the concentration of H'*' is on excess and 
the effluent is continuously removed therefore the reaction 
R Na* + H* :»- RH* + Na* 
goes mainly to forward direction and complete removal of Na'*' is 
possible. 
The hydrogen ions liberation capacity of this exchanger was 
determined by IH Na NO. as eluent and the capacity was found to be 
0.79 meq/gm. of exchanger (which is in good agreement with the capacity 
obtained when the exchanger was converted into H'*' form by batch 
process and replacement of acid intermittently). 
pH titration: The pH titration curves with and without added salts 
are shown in figures 1 and 2 respectively with alkali metal salts and 
their hydroxides. 
C!hemical analysis and stability; The results of Fe/As ratios arc 
summarized in table 3. The results of the chemical stability of all 
the twelve samples in H'*' form studied in water, O.iM BNO- and O.iH 
CH- COOH by conduotometric titrations are given in table 6» The results 
of chemical stability of sample No.ii obtained by oolourimetric 
determination are compared with the results of stability predicted from 
conductometry and are given in table 5* 
4 1 
==^ -o - ' • ^ 
o NaCl a NaOH 
A LiCl & LtOH 
• Kcl & KOH 
.10 20 30 /;0 ' 50 
Volume of 0-1M alkali added ml 
Fig.1 t)H titration curves with added salts 
for Ferric arsenate sample Noll . 
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(3H 
4 
3 
2 
1 
0 
o NaOH 
•^' LtOH 
• KOH 
J L 
0 2 4 6 8 10 12 14 16 18 20 22 24 26 
Volume of 0-lM alkali added ml 
Fig. 2 pH titration curves without added salts 
for Ferric arsenate sample NoH. 
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TABLE 5 
COMPARISON OF THE STABILITY OP THE FERRIC ARSENATE SAMPLE NO.ll ag/litre 
Method Water O.IM acetic 
acid 
O.IM nitric 
acid 
Conductometric 2 .0 1.9 ho 
Spectrophotoffletrio Fe 
3.0 
As 
0.2 
Pe 
2.8 
As 
0.2 
Pe 
47 
As 
0 
TABLE 6 
STABILITY OF THE FERRIC ARSENATESng/litre 
Saaiple No. rater 
3.0 
1.9 
k.O 
2.0 
2.0 
0.2 
1.9 
2.1 
O.IM acetic 
acid 
• 
2.9 
4.0 
3.9 
5.0 
4.0 
1.6 
1.6 
2.9 
O.IM nitric 
acid 
120 
100 
80 
90 
80 
70 
50 
78 
1 
2 
3 
4 
5 
6 
7 
6 
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TABUS 6 (Contd.) 
— - ••"" 1 — "• 
Sample No. 
9 
10 
11 
12 
H^irdrolysls: Bydrolysl: 
Vater 
4.0 
2.8 
2.0 
1.9 
s of all 
1 
twelve 
O.IM aeetlo 
acid 
4.0 
3.0 
1.9 
2.1 
samples was 
r— 
O.IM nltrlo 
acid 
studied 
100 
100 
40 
40 
using ifater 
as an eluent and the effluent Is titrated against standard O.OIM NaOH. 
The hydrolysis results are sunmarlzed In tahle 7. 
Mole ratio hy oonduetometry and oscllloaetry; Mole ratio of ferric to 
arsenate was studied hy oonduetometry and oscillometry and the results 
are presented In figures 3 and 4. 
Capacity at different drying temperatures: The Ion exchange capacity 
of the material after drying at different temperatures was 0.80, 0.35* 
0.28, 0.20, 0.14, 0.10, 0.05f 0.02 and 0.0 meq/gm at drying temperatures 
25» 100, 150, 200» 300, 400, 500, 600 and 700 C respectively. 
Dlstrlhutlon studies: Distribution coefficients of 26 metal ions in 
pH-3 nitric acid and O.IM phenol solutions eadsatfu were determined. 
Solution of each cation were prepared in demlnerallzed water for the 
determination of Hd values in all the systems studied. The results 
are given in tahle 8. 
45 
k 6 8 10 12 U 16 18 20 22 2/i 26 
Volume of Fe(N03 3^ added ml 
Fig. 3 Conductometric titration of 20 ml of 0-1M sodium 
• arsenate with 0-lM ferric nitrate. 
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Volume of O-IM Fe(N03)3 added ml 
Fig. A High frequency titration of 100ml of 0-002M 
sodium arsenate with 0-1M Fe(N03)3. 
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TABLE 8 
DISTRIBUTION COEFFICIl^TS OF METAL IONS OS FERRIC ARSENATE 
SAMPLE No. 11 IN TWO SOLVENT SYSTEMS 
SI.No. • 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
Cations 
Mfe2* 
Zn2* 
Cd2* 
Ba2+ 
Ca2* 
Sr2* 
Pb^* 
Hg2* 
Cu2* 
Nl2* 
Al5* 
Ga5* 
Gd^* 
Dy5* 
Nd5* 
Er5* 
Tb'* 
Lu5* 
- , — ,., -.„„,.,,„„-
Ed 
HNOj pH-3 
30 
5 
24 
540 
1 
values, 
(Total adsorption) 
261 
420 
20 
89 
77 
50 
7 
30 
6 
20 
84 
9 
8 
70 
Bl/gU. 
Phenol pH - 6 
10 
55 
46 
20 
76 
33 
20 
320 
50 
44 
33 
00 
684 
3 
16 
530 
20 
3 
60 
43 
TABLE 8 (Contd.) 
si .No 
20 
21 
22 
23 
24 
25 
26 
Cations 
Ce3* 
Hf"** 
Sm5* 
Yb5* 
Ho5* 
Pr5* 
Eu5* 
— » 
Kfl va 
HNO, pH-3 
78 
25 
00 
2 
0 
6 
10 
lues, 
'\ 
ml/gm 
Fbenol pH-6 
76 
29 
15 
0 
6 
12 
5 
» 
Separation; Separation of Ba^* from Mg^*, Ca^*, Sr^*, Pb^* and Al^* 
from Ga-^ * have been achieved on the basis of the Kd values. The 
elution curves for the separations achieved are given in figure 5 
€md the amounts are given in table 9* 
50 
0 5 10 15 20 25 30 35 40 5^ 50 55 60 65 70 
Volume of effluent ml 
0+ 0^ O* 0+ 
Fig. 5 Separation of Mg from Ba^ and Ca' from Ba^ on 
ferric arsenate columns a. 10 M HNO3 b^^X NH4NO3 
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0 5 10 15.20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 
Volume of effluent ml 
Fig-5 Contd. Separation of Sr^*from Ba^Pb^from Ba^*and Al^*from Ga^* 
on Ferric arsenate columns a. 10 M HNO3 b l% NH/iN03 
c. Phenol O-IM-
5 2 
TABLE 9 
SEPARATION OF Ba^* FROM Mg^*, Ca^ *^ , Sr^*, Pb^* AND Al^ "^  
FROM Ga^* ON FERRIC ARSENATE COLUMNS SAMPLE NO. 11 
Mixture 
separated 
Eluent Volume of 
effluent, 
ml 
Taken Found 'lo Error 
Ca 
2-1-
Ba 2+ 
Mg 2-I-
Ba 2+ 
Pb 2-I-
Ba 
2-i-
Sr 2+ 
2<f 
Al 
Ga 
3+ 
3+ 
10"-'M HNO. 
IS NH^NO, 
10" ^M HNO, 
lf» NH^NO, 
10"^M HNO, 
\.% NH^NO^ 
10" ^M HNO, 
Ba"" J If. NH^NO^ 
O.IM phenol 
10"'M HNO, 
20 
70 
25 
80 
30 
80 
35 
85 
30 
70 
469 
1236 
401 
1236 
2189 
1236 
811 
1236 
440 
1264 
.472 
1236 
403 
1220 
2196 
1236 
806 
1247 
441 
1268 
0.6 
0.0 
0.5 
-1.3 
0.3 
0.0 
-0.6 
0.9 
0.2 
0.3 
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D I S C U S S I O N 
Studies on ferric arsenate sbow that this material in 
H*^  form works as a polyprotic weak acid lAioh ioniiees in at least 
two different steps. The pH titrations when performed with added 
salts (figure 1) and without added salts (figure 2) show two 
inflexion points. The first neutralization step (figure 2) with 
KOH and NaOH is the same irtiile the second step is some what different. 
The results with lithium hydroxides do not concide the above values 
with added salts. The pH titration curves also show two inflexion 
points (figure l) but the results do not coincide with the results 
of pH titrations without added salts. Probably the added salt 
disturbs the shapes of the curves. 
The ion exchange capacity of ferric arsenate is different 
for different cations when voliuae of effluent collected is 400 ml. 
The results from (figured ) show that the ion exchange capacity 
depends upon hydrated radii and a plot of hydrated radii versus 
ion exchange capacity is a straight line for the same group cations. 
Thus for Li, Na and K one straight line is obtained, another straight 
line is obtained for Ba, Sr, Mg and Ca. These results reveal that 
higher the hydrated radii less is the ion exchange capacity which is 
according to the laws of selectivity for ion exchange (i>S). The 
straight line of alkaline earth metal ions is above the straight line 
of alkali metal ions and thus for the same hydrated radii ion exchange 
capacity of divalent cation will be greater which can also be explained 
o4 
ou r 
^ 6 
I- J 
X 2 
1 
• Atkali metal Ions 
o Alkaline earth metal ions 
0 0.1 0.2 0.3 O-l* 0.5 0.6 0.7 0-8 0-9 1-0 
Ion exciiange capacity m-eq/gm 
Fig. 6 (on exchange capacity as a function 
of hydrated radii. 
Od 
on the sane selectivity (l5). Such a plot is rery useful because 
it fluiy be applied for the calculation of hydrated radii if capacity 
was determined and other factors like charge group eto.» were also 
known* The results for the detemtlnation of ion exchange capacity 
after drying the exchanger at various temperatures represent that by 
increasing temperature, the capacity decreases due to removal of water 
molecules after condensation i.e., due to structural changes. The 
stability measurements for all the samples (table 6) reveal that 
ferric arsenates are very slightly soluble in aqueous medium. Sample 
No.il that prepared by the homogeneous precipitation method, seems 
to be most stable in these media. A comparison of the dissolution of 
ferric arsenate sample No.11 in three systems viz., HgO, O.lH HNO» and 
O.IH CH.COOH by conductometric and colourimetric procedures (table 5) 
Indicates that the results are slightly differoit. This difference is 
due to the fact that in conductometric determinations the actual formula 
of the solute should be known, and the assumption to consider this 
solute as a normal arsenate seems rather incorrect. Therefore, the 
results obtained by colourimetric determinations are more correct as 
in this analysis iron and arsenic are determined individually. Further 
it is clear from these results that the stability in water and O.lH 
acetic acid is nearly the same. In O.lH HNO^. the stability is less 
for all the saiiq[>les and the ion exchanger is less stable at a lower pH 
value in strong acidic medium. Conductometry and high frequency 
titrations (figures 3 and 4) may be used to calculate the probable 
mole ratio Fe*^ and AsO^^, which was obtained to be (3:4). Therefore, 
the reagents for preparation in two cases were mixed in this ratio 
56 
(sample Mos.lO and 11). In these eases ion exchange capacity is higher 
(0.73 and 0*80 meq/gm) as compared to other samples in different ratios 
(capacity ^0.70 meq/gm). However, the compositions of the prepared 
material were not the same. As;Fe was greater (table 3) in all these 
cases than predicted. 
The hydrolysis studies indicate that all the 12 samples 
undergo hydrolysis. It is clear fromjtahle 7]that the samples 6 and 11 
show greater resistant towards hydrolysis than the others. The ion 
exchange capacity of sample No.il (0.80 meq/gm) is greater than that 
of sample No.6 (0.54 meq/gm) and sample No.ll is prepared in the molar 
ratio as predicted by conductometry and high frequency titrations. 
Therefore, most of the studies are reported for this sample No.11. 
Sample No.11 was prepared by homogeneous precipitation. The 
method is similar to that of Jump and Sherwood (I6) yho claimed to 
have prepared zirconium arsenate (crystalline) by homogeneous 
precipitation following the oxidation of arsenite to arsenate by 
nitric acid. It is preferred hydrogen peroxide to nitric acid, since 
excess of hydrogen peroxide does not effect the pH of the solution. 
Thus, hydrogen peroxide oxidises arsenite to arsenate slowly on heating 
and arsenate ion reacts with ferric ion to produce a precipitate of 
ferric arsenate. 
The results of Kd values of 26 metal ions in two systems viz., 
O.IH HNO» and O.IM phenol are very interesting (table 8). Phenol works 
as a weak acid and is very weakly ionized due to its low d.e.c. The 
3? 
uptake of cations by the exchanger is affected to some extent and 
hence this may be better use for the separation purposes and it has 
been foimd that the Kd values in phenol (pU-6) are quite comparable 
with HNO- (pH-3). The Kd values at higher pH should be more because 
less the H* Ions more is the uptake of cation by the exchanger. The 
low Kd values in phenol are probably due to its low d.e.c, which 
retards the dissociation of an electrolyte in solution phase. The 
analytical potential of the exchanger can be judged by the difference 
in Kd values. On the basis of the remarkable difference in Kd values 
of two metal ions some quantitative separations may be tried. Ba 
is completely adsorbed on the exchanger and hence this can be 
separated with the other 22 metal ions having Kd values less than 
100, Mg, Ca, Sr and Ba belong to the same group. Therefore the 
2+ 2+ 2+ 2+ 
separations of Mg , Ca and Sr from Ba are quite important. 
The separations of Ba from Pb and of Al-' from Ga-' are also I 
in^ orteuat for the various reasons. The results of table 9 reveal 
that the above mentioned separations are quantitative within the 
experimental error range (-1.3 to +0.9^). These separations are 
sharp as is clear from figure 5. The effluent was evaporated to 
2+ dryness in case of Ba to remove ammonium nitrate since presence of 
comparatively large amount of ammonium nitrate in the small amoimt 
of barium disturbs the sharpness of the end point. The same type of 
effect is also noted in the literature (17). 
u 
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C H A P T E R - H I 
STUDIES ON ALUMINIUM ANTIMONATE PART I: 
SYNTHESIS OF ALUMINIUM ANTIMONATE; QUANTITATIVE SEPARATION OF 
Th^* - UOg"^ , Ni^* - Cu^* - Ag*, Mg^* - Ca^*, Mg^* - Sr^* AND 
Mo^-' - Ti^* - V^* 
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C H A P T E R - I I I 
STUDIES OH ALUMINIUM ANTIMONATE PART I : 
SXNTHESIS GF ALUMINIUM ANTIMCftlATE; QUANTITATIVE SEPARATION OP 
Th** - UO?*, Ni^* - Cu^* - Ag*, Mg^* - Ca^*, Mg^* - Sr^* AND 
6* _ 5,^^+ _ ,^H Mb 
The Inqportance of work on inorganic ion ezehangers has 
recently- heen revlefred by Valton (l)« In earlier papers from 
these laboratories the studies on ion exchangers prepared by tetra 
and pentavalent netal ions have been reported. The studies on 
aluminium salts did not receive much attention. Aluminium 
trii^osj^ate (2) has been prepared and can be used as selective 
ion-exchanger for K*** ion within the limited pH range. Aluminium 
vanadate membrane has been prepared (3) having ion exchange 
o 
capability and operating efficiently upto 900 C. 
Antimonic acid has an especially larger adsorption capacity 
compared to that of any other metal hydrous oxides (4). Thermally 
and chemically stable tin antimonate has been synthesized (5). The 
antimonates of Ti, Zr, Ta, Or and Ce have also been reported 
(6«7*8,9)10). Aluminium antimonate has not been studied as an 
ion exchanger so far. Therefore, it was decided to study this material 
as an inorganic ion exchanger. The present report siumnarizes the 
preparation,properties of aluminium antimonate, and its use in 
column operation for separations. 
6) 
E X P E R I M E N T A L 
Reagents: Altuainitiiti nitrate (AnalaR, B.D.H,, India) and antimony 
penta chloride (density 2.3 gn/ml) 6.D.H. (England) were used. 
Antimony pentachloride solution was diluted with 4M HCl to obtain 
the desired concentration. All other reagents were of AnalaR grade. 
Apparatus; An electric temperature controlled SICO shaker, Bausch 
and Lomh speetronic 20 and SLICO pH meter model Ll-iO, were used 
tor shaking, spectrophotometric measurements and pH measurements 
respectively. 
S3nathe8is procedure: Four samples of aluminium antimonate were 
prepared by mixing O.iM solution of aluminium nitrate and O.i M 
solution of antimony pentachloride, in different ratios. The 
solution of aluminium nitrate was added to the solution of antimony 
pentachloride and pH of the samples was adjusted with 0.1 M sodium 
hydroxide solution. Sample No.5 was prepared by refluxing the 
mother liquor of sample No.l for 2k hours. The precipitates so 
formed was allowed to settle for 24 hours at room temperature and 
then washed with distilled water several times by decantation. 
o 
This was then filtered and the residue was dried at 40 C in an 
incubator. The dried product brokedown into small particles vhen 
immersed in water. It was converted into the hydrogen form by 
repeated treatment with i.O M nitric acid finally washed with 
demineralized waterfall the samples were again dried at 40 C. The 
•uiterial was now ready for coltum operation. For dlstri1)ution. studies 
the sample was sized by sieving to get a product of 100-200 mesh* The 
condltlonsof preparationsare sumnarized in tahle 10. 
TABLE 10 
SYNTHESIS AND SOME PROPERTIES OF ALUMINIUM ANTIMONATE 
Sample 
No. 
1 
2 
3 
k 
5 
't " 
Mixing 
volume 
ratio 
AI(III) : 
Sto(V) 
3:1 
3sl 
3:1 
3:1 
3:1 
" 1 
pH of the 
final 
solution 
Negative 
0 
1 
k 
Negative 
f 
Appearance 
Vhite 
White 
Vhite 
White 
White 
f 
Chemical 
analysis 
Al : Sh 
4.2:1 
4.3:1 
5:1 
5:1 
4.2:1 
-I 
Ion exchange 
capacity 
meq/gm for Na 
1.14 
0.67 
0.40 
0.12 
1.14 
62 
R E S U L T S 
All the sanrples sjrnthesized were white* They were apparently 
stable in water and dilute acids. 
Ion exchange capacity: The ion exchange capacity was determined hy 
taking i gm of the exchanger in the H'*' form (converted according to 
procedure given in sjmthesis) in a column and passing i.O H solution 
of different mono and divalent ions over it* The liberated H'*' was 
titrated with standard sodium hydroxide solution* The effluent 
collected in each case was 400 ml* It was assumed that Na*** ions 
quantitatively replace H'*' ions* The results are summarized in table il. 
TABLE ii 
im EXCHANGE CAPACITIES CfF SOME HGSO AND DIVALENT CATICXNS 
ON ALUMINIUM ANTIHONATE SAMPLE N0*1 
1 — t 
Metal ions Ion exchange capacity Z.rh 
Meq/gm Atomic number x 
hydrated radius 
Na* 
Ca** 
Sr** 
Ba** 
0.77 
l . i 4 
1.17 
1.52 
1.28 
1.25 
1.25 
10*2 
30.8 
43 .7 
84*0 
75.6 
72 .0 
70.8 
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The ion exchanger was converted to H form hy eolumi operation 
in which HNO-(IM) was passed over the exchanger coluan* The hydrogen 
ion liberation capacity of this exchanger was determined hy IM NaNO. 
as eluent and the capacity was found to be 1.14 neq/gm of exchanger. 
Liberation capacity: liberation capacity of the exchanger was 
detemined by taking s<»e divalent and trivalent cations* 1 gm of 
the exchanger in the H*** form (converted according to procedure given 
in synthesis) was taken in a column 1 M salt solution of different di 
and trivalent ions was passed over it till the effluent was 400 ml;i 
in each case the exchanger was washed with demineralized water till the 
excess of cations removed. Then the adsorbed netal ion eluted with 
2H NH.NO. and the effluent collected In each case was 400 ml. The 
effluent was evaporated to dryness and the cation was titrated with 
0.01 M EDTA* The results are summarized in table 12. 
TABLE 12 
LIBERATION CAPACITT OF SOME DI AND TRIVALBfT CATIONS 
ON ALUMINIUM ANTIM(»fAT£ SAMPLE NO.l 
f 
Metal ions Liberation capacity meq/gm 
Pe*** 0.04 
Co** 0.15 
Ni** 0.16 
Cu** 0.42 
Zh** 0.43 
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The pH titration curves with and without added salts are 
shown in figures 7 and Q respectirely with alkali aetal salts and 
their hydroxides. 
Composition: The exchanger (0.2 gm) was dissolved in io ml of 
concentrated hydrochloric acid and then antimony was precipited as 
sulphide hy passing H^S for i hour. The aluminium in the fliterate 
and antimony in the preciplta^ere determined volumetrieally with 
potassium flouride (11) and potassium iodide method (12) respectively* 
The Al/Sb ratios are given in table 10. 
Dissolution of aluminium antimonate: The chemical stability of 
aluminium antimonate in H'*' form of 5 samples was studied in 2k solvents 
by shaking, the exchanger 0.2 gm with 20 ml of the solvent concerned 
in a shaker for 6 hours. The undissolved portion of aluminium 
antimonate was filtered off aluminium and antimony contents in the 
filterate were determined spectrophotometrically by aluminon (I3) 
and Bhodamine B method (14) respectively. The results are summarized 
in table 13. 
Hydrolysis: Hydrolysis of all the samples in H* form was studied 
by taking 0.? gm of the exchanger in the hydrolysis apparatus 
s 
(Viator's method) with the glass wool support and with constant 
stirring (magnetic stirrer) adding the distilled water from the 
burette continuously* The flow rate of effluent was 6-8 drops per 
minute. The total volume of water was 100 ml^effluent was titrated 
with 0.01 M NaOH in iO ml portion. The hydrolysis results are 
shown in table 14. 
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• -Nad &NaOH 
^-Licl & LiOH 
x-Kcl SKOH 
0 10 20 30 40 50 
Volume of 0-1M alkali added ml 
Fig. 7 pH titration curves with added salts for 
aluminkjm antim^onate sample No.l-
^» 
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o-NaOH 
^-LiOH 
X—KOH 
JU 1 1 1 1 i , I 
0 2 /; 6 8 10 12 lA 16 18 20 22 2A 26 28 
Volume of 0-1M alkali added ml 
Fig, 8 J)H titration curves without added salts for aluminium 
antimonate sample Nol . 
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TABLE 1 3 
STABILITY OF THE ALUMINIUM AMTIHGNilTES 
' ' ' i ' > " " I' •-'• ' ' I ' f 1 
Solvent SaB|»le No* Sanple No. Sample No* Saaiple No* Sample No* 
1 2 3 * 5 
Al Sb Al Sb Al Sb Al Sb Al Sb 
Bg / l ing/l mg/1 mg/l mg/l Bg / l a g / l mg/l mg/l mg/l 
Water 3 .3 0 .0 0 .7 2 .2 
IM HNO- 2*3 0 .0 3*8 0*0 
4M HNO, 2*2 0*0 3*8 0*0 
IH HCl 2 . 7 1.6 6 .6 1*2 
IM HgSO^ 2 ,0 2.2 6 .0 1.2 
i M HoSOj, 2 .4 2.2 6 .0 1*2 
1*116 2 * 
0*1M NH^NOj 0 .5 7*2 0 .5 7 .2 
IM NH^NO- 2*0 7*2 2*5 11.8 
2M NH^NO- 2 .0 12 .1 2 .5 12 .1 
IM NH^Cl 1*8 4*3 2 .8 5*2 
IM NaNO, 1*9 12.2 3 .3 7 .1 
IM Oxalic 0*0 5.2 0 .0 2 .4 
a d d 
IM ace t lo 
aeld 0*1 2 .4 0*1 1 .6 
IM formic 
acid 0 .4 1.6 0 .4 1.6 
IM propionic 
ac id 0 .3 7 .3 0 .3 7*3 
Benzene 0 .0 1.6 0 .0 3 .6 
Methanol 0 .0 7 .3 0 .0 7 .3 
0 .7 7 .1 3 . 8 3 . 6 
7 .1 0 .0 7 .1 0 .0 
6 .8 0 .0 7 .8 0 .0 
2 .2 2 .4 12 .1 7 .1 
3 .0 1.4 12 .1 2*2 
2 .7 1.6 12 .1 2 .2 
2 .0 5 .5 0 ,5 3 . 7 
1.8 1.1 0 .5 11 .8 
1*8 1*3 0*5 12 .1 
2*2 2*5 7*1 2*2 
3*0 7*3 2 .2 1.6 
0 . 3 
0 . 6 
2*1 
2 . 1 
0 .0 
0 . 0 
7*1 
0.0 
0.0 
0.0 
2.2 
2.2 
0*2 7.2 
0 .2 7*2 
0 .2 12.1 
0 .2 2*2 
0 .4 7 .1 
Completely Completely 0 . 0 0 .0 
d i s so lved d i s so lved 
0 .5 2 .2 4 . 3 2 .2 0 .1 1.6 
3 .3 2 .2 5 .4 2 .2 0 .4 2 .2 
7 .3 4 .8 4 . 3 1 .0 0 . 2 5*6 
0 .0 5.5 0 . 0 3 .6 0 ,0 1.6 
0 .0 1 .1 0 .0 11 ,8 0 .0 7 .3 
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TABLE 13 (Contd.) 
t " I I t > 
Solvent Sample No. Sample No, Sample No. Sample No. Sample No. 
1 2 3 4 5 
Al Sb Al Sb Al Sb Al Sb Al Sb 
mg/l mg/1 mg/1 « g / l mg/1 mg/1 mg/1 n g / l mg/l a g / l 
IM arsenic 
ac id 
IM SNO. 
IM BaClg 
IM t a r t a r i c 
acid 
IH citric 
acid 
Olozane 
IM NH^OH 
1.3 1.6 1 .2 1.6 3 . 0 5 .1 3 .5 3 .5 0 . 6 1.% 
1.1 9 .7 3 . 7 10.3 3 .8 10 .7 4 . 3 11 .1 0 .6 10 .8 
1.6 3 .6 3 . 9 5.2 5 .2 5 .5 6 .0 10 .9 1.3 5 .5 
6 .7 3 .6 1.8 1.6 4 . 3 1 .6 Completely 0 .1 1.0 
dissolved 
2.7 2.4 0.2 2.4 2.3 2.2 
2.7 12.1 0.4 7.3 2.7 5.5 
1.8 2.4 8.9 5.5 5.4 5.0 
Completely 0.2 1.9 
dissolved 
2.7 7.8 0.2 12.1 
6.4 3.6 2.2 1.9 
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TABLE 14 
HYDROLTSIS OF ALUMINIUM ANTIMONATES 
Volume of 
effluent 
ml 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
' r 
Sample No. 
1 
Heat treatment: 
1.5 
2.5 
2.5 
2.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
Sample 
Amount o 
Sample No. 
2 
0.8 
1.1 
1.1 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1 was heated 
f OH added 
Sample No. 
3 
at 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
ml 
1 
» 1 
different 
(.OlM) 
Sample No. 
4 
1.2 
1.2 
1.4 
1.4 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
Sample No. 
5 
temperatures 
1.0 
2.5 
2.7 
8.6 
5.0 
5.1 
3.8 
5.8 
3.8 
3.8 
in the 
muffle fumadiee for 1 hour and the ion exchange capacity was 1.14, 
1.0, 0.75» 0.55f 0.24, 0.20,0.05,0.02 and0.0meq/gmj^drylng temperatures 
40, 100, 200, 300, 400, 500, 600, 700 and 800 C respectively. 
Distrihntlon studies; The Kd values of 37 metal ions were detensined 
on sample 1 in 9 systems. The amount of cations added to the system 
was less than 3^ of the ion-exchange capacity of the exchanger. The 
7 J 
calculations were nade 1>7 using the equation 
Kfl s Amount of metal per gram of exchanger 
Amount of metal per ml of solution 
at equilibrium. The time for shaking was kept 6 hours. Uranyl (15), 
titanium (16)» silver (17)» niohium (18), chroinium (19), molyhdenum 
(20) and tungsten (21) were determined spectrophotometrically. All 
other cations vere determined by titration with 0.002 M EDTA. The 
results are given in table 15. 
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Separations: For separation studies a 30 x 0.39 cm glass column 
was used^l.O gm of aluminium antimonate was placed in the column 
with a glass wool support* The column was washed with demineralized 
water and the amount of cation added to the column was less than yfc 
of the experimental ion exchange capacity of the exchanger. The 
flow rate of the effluent was 8-9 drops per minute. Separation of 
Th^* - UOg*, Ni^* - Cu^* - Ag*, Mg^* - Ca^*, Mg^* - Sr^* and MO^* -
Ti * - W^* have been achieved on the basis of the Ed values. The 
elution curves for the separations achieved are given in figure 10 
and quantitative results of separations are shown in table 16. 
Separation limits: Separation limits of Th ^ - U<>2 » " ^ " 
Ag*, Mg^* - Ca^*, Mg^* - Sr^* and Mo^* - Ti^* - W^* have been studied 
on aluminium antimonate columns. The results are given in table 17. 
1000 
900 
800 
^ 7 0 0 
0-5M NH/iN03 H2O VOM HNO3 
0 10 20 30 40 50 60 70 80 90 100110 120 130 
Eluate Volumeiml) 
Fig.10 Separation of Th '^^ —Uo2 on aluminium antimonate 
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D I S C U S S I O N 
Aluninlum aatimonate bebaves as a weak cation exchanger. 
The ion exchange capacity varies vith netal ion. It is nearly the 
same for Ca**, Sr"^ * and Ba** (1.25 meq/gm) and for Na* and K* 
(1.15 ffleq/gm); but much less (0.77 «eq/g«) for Li* and aueh high 
(1.52 meq/gm) for Mg**. 1!hi8 difference can be explained on the 
basis of hydrated radius and atomic number. The sequence of the 
ion exchange capacity is the same as that of the product of hydrated 
radius and atomic number (Z x rh) (table H ) . To ensure the complete 
conversion into H* form of the exchanger by batch process. The 
results by batch process and by column operation were compared. In 
both the oases the ion exchange capacity for Na"^  was 1.14 meq/gm. 
The liberation capacity of some divalent and trivalent cations viz., 
Pe***, Co**, Ni**, Cu** and Zn** (table 12) Is much lower than that 
of the adsorption capacity with some mono and bivalent metal ions viz., 
Li*, Na*, K*, Mg**, Ca**, Sr** and Ba**. (lable ll)includes the ions 
of alkali metal group and alkaline earths group ^ ich are not 
hydrolysed while (table 12) includes the ions from the transition 
metals group which are easily hydrolyzed. The ion exchange capacity 
of aluminium antimonate is highly dependent upon the conditions of 
preparations mainly upon pH. Results from^table lojIndicate that 
as the pH is increased the ion exchange capacity is decreased. 
The pH titration curves of aluminium antimonate with and 
without added salts (figures 7 and 8) Indicate that aluminium 
81 
antiaonate in H'*' form behaves as a weak acid. The shapes of the 
various curves are slightly different due to the different behaviour 
of the different salts and bases added to it. 
The chemical analysis data of the samples of aluminium 
antimonate reveals the formation of material in the mole ratio of 
Al : Sb (4.2sl). At higher pH of the preparation medium the amount 
of Al is slightly Increased and the ratio of Al : Sb is (5:1) for 
the saiq)les prepared at pH i and 4. 
Aluminium antimonate is most stable of all the antimonates 
studied so far as ion exchanger (table 13)• The selectivity sequence 
in mineral acids is as follows; 
In IM HNO- : AlSb > SnSb ^ PeSb > TiSb ^ ThSb 
IM HgSO^t AlSb y TiSb > SnSb > PeSb ) ThSb 
IM HCl : AlSb y TiSb ^ SnSb > PeSb ) ThSb. 
A comparison of the stability of all the 5 samples in 24 solvent 
systems reveals that sample Mo.5 (the refluzed product) is most 
stable, but it was difficult to use this product for column operation 
due to the very fine particle size. Amongst the unrefluxed products 
sample No.l is most stable and also the ion exchange capacity is 
highest of this sample. Therefore, most of the studies were made 
on this sample to study the ion exchange behaviour of aluminium 
antimonate. 
SEydrolysis results (table 14) show the comparison of 5 samples 
of aluminium antimonate. The order of hydrolysis being sample No.5 
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< ^ 2 ^ 4 ^ 1 ^5i*e»» sanple No.5 undergoes hydrolysis nost because 
of the very fine particle size. 
The study of dlstrihutlon coefficients on aluninium antimonate 
in 9 systems (table 15) reveal that this naterial possesses 
differential selectivity and the important separations can be achieved 
on this basis. The separations practically achieved are denonstrated 
with the help of (figure lo) and (table 16). The results sumniarized 
in (tables 16 and i?) ensure that the separations are quantitative. 
The average error is - 0.369^  for 12 deteminations. 
It is interesting to plot the log Ed vs concentration of the 
electrolyte for various cations in anmoniuii nitrate and nitric acid 
systems. (Figure 9) indicate that for 27 metal ions the log Ed 
decreases with increasing concentration of nitric acid, vhile the 
log Efl either Increases or remains nearly constant with increasing 
concentration of NH^NO.. The reversal of order is due to the change 
in pH. As the concentration of HNO. increases the concentration of 
H'*' increases which suppresses the dissociation of aluminium antimonate 
(in E* form working as weak acid) and thus the Ed value decreases and 
consequently log Ed also decreases. 
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Fig. 9 contd Kd values on aluminium anfimonate for 
different ions as a function of HNO3, 
NH/;N03 concentration^ 
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C H A P T E R - IV 
STUDIES ON ALUMINIUM ANTIMONATE PART II: REPRODUCIBILITY, SEPARATION OP 
Mg - Ba, Zr - Ti, Hg - Cd - Zn AND V - Ti 
ON COLUMNS OF ALUMINIUM ANTIMONA.TE 
8S 
C H A P T E R - IV 
STUDIES m ALUMIKIUM ANTIMONATE PART lit REPRODUCIBILITY, SEPARATION OF 
Mg - Ba, Zr - Ti, Hg - Cd - Zn AND V - Tl 
ON COLUMNS OF ALUMINIUM ANTIMONATE 
The analytical liq)ortanoe of inorganic ion exchangers is 
increasing greatly in the field of separation science. These ion 
exchangers have rigid structure, negligible sirelling and therefore 
are selective towards the metal ions. The preferential uptake of 
ions is related to their size (i). Walton (2,3), Pekarek (h) and 
Qureshi (5) have reviewed the applications of these ion exchangers 
recently. Aluminitun antimonate has been prepared, its ion exchange 
behaviour has been investigated and some separations have also been 
given in Chapter III. However, the reproducibility of the material 
has not been checked. This chapter includes further work on aluminium 
antimonate regarding its reproducible preparation, composition and 
some important binary and ternary separations on its columns in systems 
not included in Chapter III. 
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E X P E R I M E N T A L 
Replicate preparatlont Aluminium antimonate in five different l)atche8 
was prepared following the procedure of sample 1 (given in Chapter III) 
i.e., by mixing O.IM solution of aluminium nitrate and antimony penta 
chloride in the volume ratio of 3tl* The precipitates so formed was 
allowed to settle for 24 hours at room temperature and then washed with 
distilled water several times hy decantation. This was then filtered 
o 
and the residue was dried at 40 C in an incubator. The dried product 
brokedown into small particles when immersed in water. It was converted 
into the hydrogen form by repeated treatment with 1«0M nitric acid 
finally washed with demineralized water all the samples were again 
» 
dried at 40 C. 
Equilibrium capacity; Equilibrium capacity of the exchanger sample 1 
first preparation was determined at pH-4. The total volume of the 
equilibrating solution of different concentrationswas 50 ml and the 
amount of the exchanger taken was 0.5 gm. The time for shaking was 
kept 6 hours. The metal ion content before and after the equilibrium 
was determined by EDTA titrations. 
A Perkin Elmer spectrometer model 62i was used for I.R. studies. 
The sample was taken in nujol on sodium chloride window. 
Other experimental work required for this work was similar to 
the procedures given in Chapter III. 
9'j 
R E S U L T S 
The results of the chemical analysis, Efl values of 5 comncm 
metal Ions €uid ion exchange capacity are presented in tahle 18, 
TABLE 18 
STUDIES FOR REPRODUCIBILITY OF ALUMINIUM ANTIMONATE 
Sample 
No. 
1 
2 
3 
h 
5 
T 
Colour 
White 
Vhlte 
White 
White 
White 
1 • " " 
Ion exchan-
r 1 
Chemical 
ge capacity analysis • 
meq/gm for A1:S1) 
Na* 
±,±k 
1.13 
1.14 
1.12 
1.13 
4.2:1 
4.2:1 
4.2:1 
4.2:1 
4.2:1 
Distribution cot 
Mg2* 
95 
95 
95 
95 
95 
Ba^* 
1900 
1902 
1901 
1900 
1902 
• 
24 
ill 
111 
111 
111 
ill 
sfficleut 
1 • 
Cd^* 
3150 
31*8 
3151 
3150 
3150 
Zn2* 
._ 
T.A. 
T.A. 
T.A. 
T.A. 
T.A. 
T.A. B Total adsorption 
The equilihrium capacity of some hi, tri and tetravalent metal 
ions in various concentrations of metal ion solutions is plotted in 
figure 11. 
The results of Kd values in diozane-water systemsare summarized 
in tahle 19* 
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I 1 , — I 1 
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Conc.(Meq.) 
Fig.ll Equilibrium capacity as ^ function of metal ion concentration. 
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On the basis of vast difference in Kd values the possible 
separation were tried. The elution curves for the separation of 
lAg^^ - Ba^*, Zr** - Ti^*, Hg^* - Cd^* - 2s?* and V(V) - Ti(IV) are 
presented in figure 12 and the amounts of the various metal ions 
loaded on the column are given in table 20. 
Structural studies? The infra red spectra of aluminium cuatimonate 
along with that of antimony pentoxide and aluminium oxide are given 
in figures 13 and 14. The spectrum of nujol is also given. 
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0-1M NH/NOo H2O 6NH2SO/, + 3^H202 
c 
D 
O 
E 
< 
O-IM NH/^ N03 H2O 6NH250^ *3^H202 
300 
250 
150. 
100 
50 
L — ^ — i _ j — T ; : ^ 
1 » 
-
> / I J — ! v — 
0 10 20 30 1*0 50 60 70 80 90-
Elaate VolumQ(ml) 
Fig. 12 Separation of Z r^ -T i ^ " and V -T i * 
on aluminium antimonate. 
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1MHN03+D(oxane HpO 
200. ^ . > 
1M HNO3 
c 
o 
6 
< 
300 
250 
200 
150 
100 
50 
Dioxane 
• r~\^^^* 
1 a - J 1 -!) 
H20 I 
• 
Dioxane+1MNH/;N03 H2O ^ 
Cd^* 
/ X * 
L L - 1 1 1 Ji t 1 _ ^ 
1MNHz,N03 
Zn2-
i—1—L ...x.. rTr* 
— ^ 
• 
* " " • 1 • — 
0 10 20 30 AO 50 60 70 80 90 100 110 120 130 HO 150 160 170 180190 
Eluate Volume (ml) 
Fig. 12 Contd. Separation of Mg^*-Ba^*and Hg^^-Cd^^-Zn^* 
on aluminiunn antirr^onate. 
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D I S C U S S I O N 
The results of (table 18) for the detenuination of ion exchange 
2+ 2+ 2+ 2+ 
capacity, composition and Ed values of Ng , Ba , Hg , Cd and 
2+ Zn reveal that aluminium antimonate is reproducibly prepared under 
the given conditions. 
Sometimes for theoretical interpretation equilibrium capacity 
which of course is a measure of selectivity is more useful than the 
ion exchange capacity given by column, the first is obtained in 
equilibrium conditions while the later iinder non-equilibrium 
conditions. The plots of (figure il) indicate that equilibrium 
capacity is concentration dependent in solutions upto 2K after that 
it becomes constant for that particular metal ion. 
The selectivity is also measured in terms of Kd values which 
depends upon the nature of the metal ion^ the concentration of the 
equilibrium mixture and composition of the system. In order to study 
the effect of these factors log Kd for various metal ions are plotted 
(figure 15) against the concentration of dioxane indicate that the 
behaviour with all the metal ions studied is similar and as the 
dioxane concentration increases there is a decrease in log Kd to the 
certain concentration after that log Kd is nearly constant. Probably, 
due to low dielectric constant of dioxane the ionization of aluminium 
antimonate working as weak acid is less and hence lowers the Kd value 
and when dioxane concentration increases sufficiently than the effect 
is not apparently marked. 
u 
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^ 3 
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Sm 3"»-
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J I L 
Fig. 15 
0 20 ^0 60 80 100 0 20 /*0 60 80 100 
^ Cone of Dioxane 
Kd values on alumimum antimonate for 
different ions as a function of Dioxane 
concentration 
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^ Cone, of Dioxane. 
Fig. 15 Contd. Kd values on alunninium antimonate for different 
ions as a function of Dioxane concentration. 
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The results of infra red studies (figures I3 & 14) indieate 
6 peaks with alualniuiB antiaonate viz., at 750, 1380, 1460, 1650, 
2860 and 2930 em , The peaks obtained at 1380, 1460, 2860 and 
2930 cm" are conmon with nujol and therefore only two distinct peaks 
at 750 and 1650 cm" are taken as the characteristic peaks of 
aluminium antimonate* A comparison of these results with the results 
of infra red spectra of aluminium oxide and antimony pentoxide reveals 
that the peak at 750 cm obtained with aluminium antimonate is in 
common with the characteristic peak obtained with antimony pentoxide 
while the peak at 1650 cm obtained with aluminium antimonate is in 
common with the characteristic peak obtained with aluminium oxide. 
This discussion leads to the conclusion that in aluminium antimonate 
behaves as mixed oxides of aluminium and antimony with OH groups 
(peak obtained at 1380 cm" along with nuJol). On the basis of infra 
red studies and chemical composition Al;Sb 4.2:1 (may be taken as 
4:1). The following structure is tantatively proposed: 
ewjzo 
SHaO 6HZO 6 % O 6^^O ^HXO 6"2° 
IJ /, 
H^O are the associated water molecules and H is the exchangeable 
hydrogen ion. The fomula weight of aluminium antimonate (single unit) 
comes to he 807 as calculated by above formula which gives an ion 
exchange capacity of 1*23. The observed ion exchenge capacity is 1.14 
which is in agreement with the calculated result. 
A study of Ed values determination in different systems show 
that the ion exchanger (aluminium antimonate) has got differential 
selectivity and the separations of analytical importance can be tried. 
For example the separations of (1) Mg * and Ba '*' (2) Ti and Zr 
(3) Zn , Cd and Hg are Important because these combinations 
occur in the same group of periodic table. Likewise separation of 
Tl(iy) and V(V) is also of importance because most of their properties 
are similar. The elutlon curves of the separations (figure 12) show 
that these separations are clear and distinct collection of effluent 
is obtained for the separated metal ion. These separations are 
quantitative as is clear from (table 20). The amounts recovered 
are within the experimental error reinge. 
UJ 
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C H A P T E R - V 
SEPARATION AND DETERMINATION OF SOME AMINES 
BY ION EXCHANGE CHROMATOGRAPHY 
1J6 
C H A P T E R - V 
SEPAJRATI(»} AND DETERMINATION OF SOME AMINES 
BT ION EXCHANGE CHROMATOGRAPHT 
Paper chromatography has been used for the specific detection 
of aromatic o-diamines recently (l). Primary-mono and diamines have 
heen determined spectrophotometrically after elution from a cation 
exchange resin (2). Ion ^sohange chromatography of primary amines 
has also been studied (3). Iftidissociated dipheneylamines have little 
interaction with the resin in the column. In the past studies amines 
hare directly been taken for chromatographic investigations. However, 
if the salts of amines were prepared then the ion-exchange would have 
played the primary role for such separations. Therefore, the present 
study was undertaken to study the chromatography of amine ions 
(formed as amine hydrochloride) on papers impregnated with stannic 
molybdate, an inorganic ion exchanger.on the basis of difference in 
R- values^ the amine ions were separated, on these papers and on the 
columns of stannic molybdate ion exchanger. After separation the 
amine ions* eluted successively from exchanger column, were spectro-
photometrically determined using our earlier method (4). 
Id? 
E X P E R I M E N T A L 
Apparatus; Chromatography was perfonied on inpregnated Whatman No,3 
paper strips of size 13 x 2.5 cms. using 20 x 5 cms* glass Jars. 
Reagents; Chemicals and solvents were of analytical grade. 
Preparation of ion exchange papers: Whatman No.3 paper strips were 
out of the required size and they were impregnated with stannic 
molybdate (5) as follows: 
The strips are impregnated witbo.l M stannic chloride solution 
3-5 seconds. The excess of reagent was removed hy placing the strips 
on filter paper sheets and allow to dry up to 20-30 minutes at room 
temperature* Then these strips dipped into the solution of O.i M 
sodium molybdate for 10-15 seconds. The excess of solution is drained 
off and strips are placed over a filter paper sheets. These strips 
are dried at room temperature. After complete dryness of strips, the 
strips ifre washed with demineralized water three times in order to 
remove the excess of reagents finally at room temperature and are used 
for chromatographic work. 
Preparation of aminehydrochlorides: Aminehydroohlorides were prepared 
by dropping hydrochloric acid to sulphuric acid. The dry HCl gas 
evolved is passed into amine solutions in ether. Amine hydrochlorides 
formed are obtained in solid or liquid form as immiscible with ether^ 
one percent solution of aminehydroehlorides were prepared in water. 
IJ 
Detectors} For the detection of various aniaetaycLroctalorides ninhydrin 
and p-dinethyl aminobenzaldehyde were used. Ninhydrin detector was 
prepared txy dissolving 0.2 gm of ninhydrin in 100 ml of n~butanol 
saturated with water. This detector was used to detect the hydro-
chlorides of the following amines: ethylamine, dimethylamine, pipei^ine, 
1,2 diaminoethane, ethanolamlne and anylamine, 1% p-dimethylamino 
henzaldehyde in ethanol + hydrochloric acid (95^5) was used to detect 
the hydrochlorides of <?C~naphthylamine, B-naphthylamine, diphenylamine, 
p-toluidine, pyridine, n-phenyl>l-naphthylamine, aniline and 
dichlorohexylamine• 
Procedure; 1-2 spots of aminehydrochloride solution were spotted with 
the help of fine glass capillaries on the impregnated strip. The 
strip was allowed for 15 minutes conditioning and then solvent was 
allowed to ascend on strips 11 cms. in each case. The Rp values 
were calculated as usual. 
Synthesis of stannic molyhdatet Stannic molyhdate (6) was prepared 
hy mixing aqueous 0*02 H stannic chloride and 0.05 VL ammonium 
molyhdate in the volume ratio of 1:1. The precipitates so formed was 
allowed to settle for 24 hours at room temperature and then washed 
with distilled water several times by deceoitation. !Ibis was then 
filtered and the residue was dried at 40 C in a incubator. The 
dried product brokedown into small particles tdien immersed in water. 
It was converted into the hydrogen form by repeated treatment with 
1.0 M nitric acid finally washed with demineralized water all the 
samples were again dried at 40 C. The material was now ready for 
column operation. 
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2 
Separationst For separation studies a 30 x 0.39 cm glass burette 
was used. 2.0 gm of stannic nolybdate was placed in the burette with 
a glass wool support forming the ion exchanger column. The flow rate 
of the effluent was 8-9 drops per minute. The effluent was collected 
in 10 ml fractions and was analyzed spectroiriiotometrically (4). 
1 1 J 
R E S U L T S 
The Rp values in various concentrations of aqueous sodiua 
nitrate solution (O.OOl > i.O M) are presented in table 21* Aqueous 
hydrochloric acid systems hai^ e also heen used to observe the effect 
of pH on the novement of aaine ions. The Bp values in such systems 
of pH (O.O - 3.0) are given in table 22. 
TABI«E 2i 
B- VALUES OF AHINEHYDROCHLORIDES GS STANNIC MOLYBDATE PAPERS 
¥ITH VARYING CONCENTRATIONS OF SODIUM NITRATE 
Concentrations (M) 
Aminehydrochlorides i i < 
O.OOi 0.01 o»l 1.0 
Ani l ine 0 .80 0.85 0 ,90 0 .90 
Aiqylamine 0.45 0 .50 0 .62 0.85 
Ethanolamine 0,kk 0 .60 0.65 0*85 
Dichloroheacylamine 0.75 0 .80 0.84 0.90 
Pyridine 0.42 0.45 0.65 0 .85 
p - t o l u i d i n e 0.70 0 .80 0 .85 0.95 
1,2 diaminoethane 0.20 0.35 0.35 0.45 
Pipeifeline 0.50 0.60 0.77 0 .83 
Dime thylamine 0.45 0.50 0.62 0.62 
Ethylamine 0 .35 0.57 0 .70 0.90 
TABLE 21 (Contd.) 
I l l 
Aminehydrochlorides 
jB-napbthy-lamine 
oC-naph t hy lamlne 
Diphenylamine 
iBoquinollne 
N-phenyl-1-naphthylamlne 
- T . 
0.001 
0.35 
0.45 
0.00 
0.00 
0.00 
Concentrations (M) 
1 
0.01 
0.35 
0.45 
0.00 
0.00 
0.00 
t 1 
0.1 
0.45 
0.55 
0.00 
0.00 
0.00 
1.0 
0.50 
0.58 
0.00 
0.00 
0.00 
1 1 2 
TABLE 22 
Rp VALl}ES OF AMINEHYDROCHLORIDES ON STANNIC MOLYBDATE PAPERS 
AT DIFFERENT pH 
• - - - • — - - •• ' ' 1 -
Aini.nelivdx'ochlox'ldcka . 
* • ! • • * • * v * * ^ 1 * * %/****•*•*#* J b l A C 9 
A n i l i n e 
Amylcunine 
Ethanolamine 
Dichlorohexylamlue 
Pyr id ine 
p - t o l u i d i n e 
i , 2 diaminoethane 
P i p e i ^ i n e 
Dimethylaiaine 
Ethylamine 
B~naphthyleunine 
cfi - n a p h t h y l a n i n e 
Diiribenylaaine 
I s o q u l n o l i n e 
N - p h e n y l - 1 - n a p h t h y l a a i n e 
0 . 0 
0 , 8 3 
0 . 8 0 
0 . 9 ^ 
0 . 6 5 
0 . 8 5 
0 . 7 7 
0 . 9 5 
0 . 8 5 
0 . 9 2 
0 . 9 0 
0 . 4 8 
0 . 5 9 
0 . 0 0 
0 . 0 0 
0 . 0 0 
t 
i 
0.75 
0.77 
0,90 
0.55 
0.81 
0.68 
0.92 
0.82 
0.87 
0.86 
0.44 
0.50 
0.00 
0.00 
0.00 
pH 
1 
1.3 
0.71 
0.75 
0.86 
0.52 
0.80 
0.67 
0.90 
0.77 
0.85 
0.84 
0.31 
0.45 
0.00 
0.00 
0.00 
• 
2 
0.66 
0.71 
0.74 
0.45 
0.75 
0.57 
0.88 
0.73 
0.74 
0.77 
0.30 
0.39 
0.00 
0.00 
0.00 
1 
3 
0.52 
0.67 
0.67 
0.38 
0.69 
0.49 
0.83 
0.62 
0.66 
0.72 
0.14 
0.31 
0.00 
0.00 
0.00 
On the ibasis of the difference in Rp values sone analytically 
i^ortant separations were tried and those achieved on the papers 
are sumarized in table 23. 
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Some of these separations irere tried on columns of stannic 
molybdate exchanger. The results of these separations are given 
in figure 16 and the quantitative limits are given in tahle 24« 
TABLE 25 
SEPARATIONS ACHIEVED EXPERIMENTLY ON STANNIC HOLYBDATE PAPERS (25 min.) 
X 
SI.No. Separations achieved Solvent 
1. Diphenylamlne (O.O) - Aniline (0.82 > 0.97) 
2 . c?C.naphthylamine (O.O - 0.2) - Aniline 
(0.82 - 0.96) 
3. B-naphthylamine (0.08 - 0.30) - Aniline 
' (0.80 - 0.92) 
k, Isoqulnoline (0.0) - Pyridine (0,90 - 0.95) 
5. Isoqulnoline (O.O) - Pipez^ine (0.7* - 0.85) 
6. N-phenyl-i-naphthylamine (O.O) •> p-toluidine 
(0.78 - 0.87) 
7. Diphenylamlne (0.0) from other amines 
8. Isoqulnoline (O.O) from other amines 
9. N-phenyl-i-naphthylamine from other amines 
1 .OM HCl 
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D I S C U S S I O N 
The results of this study indicate that chromatography on 
papers impregnated with an inorganic ion exchanger can he used as an 
approach to predict the separations on columns of this ion exchanger. 
The results of (tahle 23) and (figure 16) reveal that most of the 
separations which are achieved on papers are also achieved on columns 
of ion exchanger. The amine ion which has a higher Rp value (tahle 21) 
is eluted first and that having lower R_ value is eluted later. This 
is hecause the ion having lower R^ values has higher affinity or 
selectivity towards the exchanger and hence elution will be later. 
This affinity sometimes Is so higher (Rp = O) that the elution was 
not possible by various salts applied. However, ferric nitrate gave 
a positive results. The separations are distinct and quantitative 
(table 24). These results are within the experimental error range. 
The results of (table 22) seem in order of pH variation. 
Therefore, pH versus R values R « log[ l] plots were made 
M M \^ Rj, / 
(figure 17). These are straight lines. It is clear from this 
figure that there is a linear relationship between pH and R.. of 
amine ions on papers impregnated with stannic molybdate. 
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C H A P T E R - V T 
SENSITIVE METHOD FOR THE SPECTROPHOTOMETRIC DETERMINATION OF AMINES 
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C H A P T E R - VI 
SENSITIVE METHOD FOR THE SPECTROPHOTOMETRIC DETERMINATION OF AMINES 
Amines are alkyl or aryl derivatives of ammonia and exhibit 
alkaline reactions in many solvents. Therefore in the past years 
amines have mainly heen determined by acid-base titrations in aqueous 
and non-aqueous solutions. Some colourimetric methods are available 
in the literature for the determination of amino compotmds (1,2,3,4). 
Copper sulphate has been used for the determination of ethylenedia-
mine (5). Colourimetric determination of small amounts of aromatic 
amines by diazotlzatlon was reported by Kuritsyn et al. (6)' A 
photometric method for the determination of small amounts of aniline 
has also been reported (7). DeAtley reported a method for the 
determination of diphenylamine and its mono nltro derivatives by 
oxidation with Iron (III) in sulphuric acid solution. All these 
spectrophotometric methods suffer with two limitations, they are 
less sensitive and cannot be applied for all types of amines. It was, 
therefore, decided to find a sensitive method for the determination 
of aliphatic as well as aromatic primary, secondary and tertiary 
amines. Small amounts of the amino compounds react with acetyl 
chloride and ferric ion to produce a greenish violet coloured 
complex. The use of this reaction for the determination of amines 
is described in this chapter. 
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E X P E R I M E N T A L 
Apparatus; Bausch and Lomb spectronic 20 (U.S.A.) was used for 
the spectropbotometric work. Elico pH meter model L1>10 (India) 
was employed lor pH measurements. 
Reagents: All the reagents were of analytical grade. 
Solution of amino compounds; ±% solution of the organic amino 
compound was prepared in conductivity water and those compounds 
which were insoluble in water were dissolved in n-propanol. 
Solution of ferric nitrate; 5% solution of ferric nitrate was 
prepared by dissolving 5 gm of ferric nitrate in 100 ml of 
conductivity water. 
Solution of acetyl chloride; 1% solution of acetyl chloride was 
prepared by taking 1 ml of acetyl chloride diluting with conductivity 
water to a total volume of 100 ml. 
Buffer solutions of pH (0-5) prepared by reported 
procedure (6) are summarized in table 25. 
TABLE 25 
COMPOSITION OF THE BUFFER SOLUTIONS 
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-, , . 
Volume ratio ml Total 
volume 
ml 
pB Reagents 
II 
0 
1 
1 .2 
1 .^ 
1 .6 
1 .8 
2 . 0 
2 . 2 
2.k 
3 . 0 
4 . 0 
5 . 0 
1 
0 
0 
.7N HCl 
.2N HCl 
If 
H 
n 
n 
n 
M 
.2M NagHPO^ 
« 
» 
n 
0.2M KCl 
R 
N 
II 
O.IM citric acid 
97 
64.5 
41.5 
26.5 
16.6 
10.6 
6.7 
1.24 
4.11 
7.71 
10.30 
50 
50 
50 
50 
50 
50 
50 
18.76 
15.89 
12.29 
9.70 
20 
200 
200 
200 
200 
200 
200 
200 
20 
20 
20 
20 
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a S S IT L T S 
Qualitative Investigations; A small amount of amino compound 1-10 mg 
vas taken In a test tube, to this was added 1 ml of 1% acetyl chloride 
solution and 1 mlji.5% ferric nitrate solution. The appearance of 
greenish violet colour (or reddish green colour) shows the presence 
of amino group. 
The results are summarized in table 26. 
Quantitative investigations; 
Procedure: A small amount of amino compound (50 ug - 10 mg) was 
taken in a test tube, to this was added gelatin (0.2 gm) and 1.0 ml 
of 1% acetyl chloride solution and 1.0 ml of 5% ferric nitrate solution 
after shaking it was heated on water bath for 30 minutes a greenish 
violet colour was observed. Then the volume was made upto 25 ml with 
OTVL 
conductivity waterlthe absorbance was taken at the optimum 
wavelength (550 nm). 
The absorbance of the violet coloured complex formed by the 
action of acetyl chloride and ferric nitrate with amines was noted 
at varying wavelengths the maximum absorbance (in the form of platue) 
was obtained at 550 nm. 
Studies of the optimum conditions for the development of colour; In 
order to set the optimini conditions for the determination of amines 
the effect of possible variables was studied. The results are 
ri 
TABLE 26 
QUALITATIVE TEST OF AMINO COMPOUNDS 
T 
SI.No. Name of the organic ccmi^ ound Colour 
observed 
1 . Ani l ine 
2 . Diphenyl amine 
3 . N-phenyl-1-naphthylamine 
^. cK -Naphthylamine 
5. B -Naphthylamine 
6. Rienyl hydrazine 
7. Ethylamine 
8. Isoprq^l amine 
9* Dimethyl amine 
10. 1:3 diamino propane 
11. Methyl amine 
12. Amyl amine 
13. Pyridine 
14. Plperidine 
15. p-toluidlne 
16. O-Phenylene diamine 
17. Morpholine 
18. Diethyl aniline 
19. Nitre aniline 
G.V. 
G.V. 
G.V. 
G.V. 
G.V. 
R.G. 
E.G. 
B.G. 
R.G. 
B.G. 
R.G. 
R.G. 
R.G. 
R.G. 
R.G. 
R.G. 
R.G. 
Green 
Green 
Abbreviations: 
G.V. « Greenish violet 
R.G. B Reddish green 
12S 
summarized as follows: 
(l) Effect of temperature; One ml of ±% aniline (v/v) was taken in 
a boiling tube. To this was added 1.0 ml of 1% acetyl chloride and 
1.0 ml of 5% ferric nitrate solution and small amount of gelatin 
(0.2 gm). The reaction mixture was kept at the specified temperature 
for 20 minutes in a temperature controlled water bath. This was 
then transferred to a standard flask of 25 ml capacity and volume 
was made upto the mark with water. The absorbance was recorded 
for each set with respect to blank run under the same conditions. 
The results are given in figure 18. 
2. Effect of the amount of the ferric nitrate added; One ml of 
1% aniline (v/v) was taken in a bailing tube to this was added 
0.1 ml of Ifo acetyl chloride and varying amount of 5% ferric nitrate 
solution with small amount of gelatin (0.2 gm). The reaction mixture 
0 
was kept at the temperature 65 C for 20 minutes in a temperature 
controlled water bath. This was transferred to a standard flask to 
make the volume iO ml with conductivity water and it is clear from 
figure 19. That complex formation depends upon the amount of ferric 
nitrate added that increasing the amoimt of ferric nitrate absorbance 
increases and became constant^so 2.0 ml Fe(NO-). was added in every case. 
(3) Effect of the amount of acetyl chloride added; To observe the 
effect of the amount of acetyl chloride added for aniline complex 
1.0 ml of 1% aniline (v/v) was taken in a boiling tube with 2.0 ml 
of 5% ferric nitrate and small amount of gelatin (0.2 gm) and varying 
the amount of ±% acetyl chloride. The reaction mixture was kept at 
2 9 
0-8 
0-7 
^ 0-6 
m 
•e 0-5 
< 
0-3 
0-2 
0-1 
0 30 1*0 50 60 . 70 
Temperature O'^ C 
80 
Fig-18 Variation of the absorbance of the greenish-violet 
complex (at 550nm ) of aniline with temperature. 
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Fig.19 Effect of the amount of ferric nitrate on the 
formation of coloured complex of aniline. 
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0 
the temperature 65 C for 20 minutes in a temperature controlled 
water bath. This was transferred tocistandard flask to make the 
volume 25 ml with conductivity water. It was observed that increasing 
the amount of acetyl chloride ahsorbance decreases and becomes constant 
which is shown in figure 20 and the best results were obtained using 
1.0 ml of Ife acetyl chloride, 
(k) Effect of pH; To study the effect of pH various buffer solutions 
were added to reaction mixture. Taking 1.0 ml of 1^ aniline and 2.0 ml 
of 5% ferric nitrate solution with gelatin (0.2 gm) and 1.0 ml of 
1% acetyl chloride and reaction mixture was kept in temperature 
controlled water bath at 65^C for 20 minutes. It is clear from the 
figure 21 that maximum absorbance was obtained at pH 1.8 adding 
10.0 ml of buffer solution in each case, making the total volume 
25.0 ml and addition of buffer of pH higher than 2.5 precipitation 
occurs. So buffer of pH 1.8 was added in each case. 
Recommended proceduret A small amount of amino compound (50 ug - 10 mg) 
was taken In a test tube to this was added a small amount of gelatin 
(0.2 gm) and 1.0 ml of 1% acetyl chloride solution and 2.0 ml;^ 5% 
ferric nitrate solution after shaking added 10.0 ml of pH 1.8 buffer 
o 
solution and heated on water bath at 65 C for 20 minutes a greenish 
violet colour was observed then the volume was made upto 25 ml with 
conductivity water. The absorbance was taken at the optimum 
wavelength (550 nm). 
Calibration curves; Calibration curves were prepared applying the 
above procedure taking (20 jug - 10 mg) of amino compounds solution. 
• 8 
7 
O 
c 
in ' 4 
X2 
< Q •2 h 
•1 
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0 0-2 0-^  0-6 0-8 1-0 1-2 VA 1-6 1-8 2-0.(ml) 
Amount of 1 ^ acetyl chloride added 
Fig. 20 Effect of amount of acetyl chloride on the 
formation of coloured complex with aniline. 
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Fig.21 Effect of t>H on the formation of the coloured 
complex with aniline. 
IH 
The results are given in table 27* The calibration curves are 
straight lines and that of the aniline is given in figure 22. 
Study of precision: In order to test the reproducibility of the 
method ten replicate determinations were made of aniline and the 
standard deviation was calculated. The results are given in 
table 28. 
TABLE 28 
EEPRODUCIBILITY OF REPLICATE DETERMINATIONS OP ANILINE 
1 J » » 
SI.No. Amount taken Amount found ^ Error St. deviation 
pg ' ^g 
3 
0 
2.5 
0 
2.5 SB 4.50 ug 
0 
3 
3 
0 
2.5 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
0. 
205 
205 
205 
205 
205 
205 
205 
205 
205 
205 
199 
205 
210 
205 
210 
205 
199 
199 
205 
210 
Study of the charge on the complex: The sign of the charge of the 
complex was determined by adding amines to both types of resin (1) 
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TABLE 27 
THE ABSORBANCE OF THE COMPLEX FORMED BY VARIOUS 
AMINES FOR DIFFERENT AMOUNTS 
Amine 
SI.No. 
1. 
2. 
3. 
k. 
5. 
r 
Diphenyl 
Amount 
20 
40 
60 
80 
100 
1 
amine 
Absorbance 
0.15 
0.23 
0.32 
0.41 
0.49 
1 
Pyridine 
Amount ug 
490.5 
981.0 
1471.5 
1962.0 
2452.5 
Absorbance 
0.09 
0.15 
0.22 
0.27 
0.34 
Amine 
SI No 
1. 
2. 
3. 
4. 
5. 
Diethy 
Amount ug 
93.5 
187.0 
280.5 
374.0 
467.5 
'1 aniline 
1 
1 
Absorbance 
0.15 
0.20 
0.24 
0.29 
0.33 
0-Pfc 
Amount 
100 
200 
300 
400 
500 
lenyle 
m 
nediamine 
1 
1 
Absorbance 
0.29 
0.51 
0.72 
0.95 
1.18 
lae 
TABLE 27 (Contd.) 
Amine 
SI.No. 
1 . 
2 . 
3 . 
4 . 
5. 
T 
Amyl 
Amount ug 
383 
766 
1149 
1532 
1915 
amine 
1 ' 
Absorl)ance 
0.08 
0.18 
0.30 
0.40 
0.51 
1 
1.3 
Amount 
89 
178 
267 
356 
445 
diamino 
1 
propane 
Al)sorl}ance 
0.08 
0.15 
0.21 
0 .27 
0.35 
Amine 
SI.No. 
1 . 
2 . 
3 . 
4 . 
5 . 
Morpho 
1 
Amount ug 
499.5 
999.0 
1498.5 
1998.0 
2497.5 
l i n e 
Absorbance 
0 .13 
0.17 
0.21 
0.24 
0.28 
Piperldine 
Amount ug 
430 
860 
1290 
1720 
2150 
Absorbance 
0.06 
0.16 
0.26 
0.36 
0 .44 
13 
TABLE 27 (Contd.) 
Amine 
S l . N o . 
1 . 
2 . 
3 . 
4 . 
5 . 
« 
Amount 
100 
200 
300 
400 
500 
P-' 
P 
r o l u l d l n e 
1 •• ' 
Absorliance 
0 . 1 8 
0 . 5 8 
0 . 9 9 
±A± 
_ 
1 
Methyl 
Amotmt ug 
3^9 .5 
6 9 9 . 0 
1 0 4 8 . 5 
1 3 9 8 . 0 
1 7 4 7 . 5 
amine 
1 
Alisorbance 
0 . 1 6 
0 . 2 1 
0 . 2 7 
0 . 3 3 
0 , 4 0 
Amine 
S l .No 
1 . 
2 . 
3 . 
4 . 
5 . 
E thy l 
Amount ug 
3 4 4 . 5 
6 8 9 . 0 
1 0 3 3 . 5 
1 3 7 8 . 0 
1722 .5 
amine 
Absorhance 
0 . 1 2 
0 . 1 9 
0 . 2 6 
0 . 3 2 
0 . 3 8 
Is©propyl 
1 
Amount ug 
347 
694 
1041 
1388 
1735 
amine 
Absorhance 
0 . 1 5 
0 . 2 6 
0 . 3 8 
0 . 4 9 
0 . 6 0 
US 
1-0 
0.9 
0-8 
S0.7 
c 
•2 0-6 
I 0-5 
< • 
0 0.1 0-2 0-3 0-4 0.5 0.6 0.7 Volume in ml. 
Concentration (1 y4) 
Fig.22 Calibration curve of Aniline. 
UD 
Dovex i, an anion exchange resin (2) Dowex 50, a cation exchange 
resin* The reaction aixture was shaken for 2-5 minutes and was 
repeatedly washed with dSminerilized water till the supematent 
layer was colourless. The colour on the resin heads was noted. The 
results are summarized in tahle 29* 
TABLE 29 
THE COLOUR OF THE RESIN BEADS (M TREATMENT WITH THE 
COLOURED COMPLEX OF AMINES 
» J 
SI.No. Colour of Resin 
resin heads 
T 
Aniline Diphenyl 
amine 
Diethyl 
aniline 
1. Very light 
yellow 
Dowex-1 No change No change No change 
2. Very light 
yellow 
Dowex-50 Greenish 
violet 
Greenish 
violet 
Greenish 
violet 
UJ 
D I S C U S S I O N 
The results of ibis study reveal tbat this reaction can be 
used successfully for the deteminatlon of amino coaq;>ounds. The 
formation of the greenish-violet coloured complex is dependent on 
temperature (Figure 18), amount of ferric nitrate (Figure 19) and 
amount of acetyl chloride (Figure 20). The absorbance of the coloured 
complex is highly dependent on pH (Figure 21) and, therefore, a careful 
control of pH is required* This was done by adding a sufficient 
amount of buffer solution of pH 1.8, The optimum conditions are 
described in the recommended procedure. Aftl&er these conditions were 
set, the calibration curves for various amines were found to be 
reproducible (Table 27). The standard deviation for ten different 
measurements of 205 Mg* of aniline was found to be 4.50 ug (table 28) 
and the maximum error was found to be 4; 3% which is within the 
spectrophotometric error range. This method can be appliedalso to the 
determination of other amines. 
The mechanism of the formation of greenish violet coloured 
complex may be represented as follows. The aoiines first react with 
acetyl chloride by a nuoleophilic attack on the carbon atom of 
carbonyl group, 
(i) With primary amines: 
H 0*-^ 0" 
R - N:^+ CBL - C - CI i> CH, - C - CI 
• \ ^ / ^ ^ u 
H \^ y H - N - R 
H 
l U 
This intermediate eompound gives an amide hy elimination 
of a proton and a chloride ion 
CH, -
H 
0" 
I 
C - CI 
I 
N*- R 
I 
H 
- H^  CH- - C - Cl 
I 
H - N - R 
Cl' 
CH3 -
H -
0 
II 
C 
I 
N - R (amide) 
amide than forms a positively charged coloured complex with ferric 
ion. 
F e ' * + 3 (CH^CO NRH) -^ C] I H 3 . 
0 H 
C - N - R 
I 
F e 
0 
11 
C 
H 
I / 
R 
N^  
CH, B H C '^ 
CH, 
or [ F e (CHjCWRH)^ 3* 
Greenish v io le t 
coloured complex 
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( i i ) Vith secondary amines: 
0 O R 
• -HCl " < A CH_ - C - CI > CH, - C - N - R 
I 
R - N*- R 
Fe^* + 
t 
H 
0 R 
il I r -13* 
3 C ^ - C - N - R >. FeCCHjCONRg)^  
Greenish v i o l e t complex 
( i l i ) Vith t e r t i a r y amines: 
O" O R 
I « , -RCl . „„ U I 
^ CH, - C - CI • > CHj - C - N - R 
I 
R - N*- R 
I 
R 
F e ' * + 3(CHjCONR2) K Fe (CH^ - 1! - NR2)3 I 
3^ 
Greenish violet complex 
The confirmation of this mechanism is obtained by the results of 
(Table 29) according to that complex formed is positively charged. 
Interferences: Certain organic compounds were added to aniline and 
it was found that nitrobenzene, acetic acid, bromobenzene, benzaldehyde 
have no effect on the intensity of the colour of complex, Where as 
143 
phenol, acetic anhydride, benzamide interfere and the ahsorhance 
increases with phenol and benasamide while a decrease in absorbanoe 
was noted by the addition of acetic anhydride. 
144 
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C H A P T E R - V I I 
SPECTROPHOTOMETRIC DETERMHW-TION OF AROMATIC NITRO COMPOUNDS WITH ZINC 
1 4 id 
C H A P T E R - VII 
SPECTROPHOTOMETRIC DETERMINATION OF AROMATIC NITRO COMPOUNDS WITH ZINC 
The detemination of aromatic nitro compotmds depends mainly 
upon their reduction by suitable reagents. Oieronis and Ma (1) have 
critically evaluated the methods of analysis of nitro coiopounds. Very 
few spectrophotometric methods are available for the determination of 
nitro compounds (2,3). In aqueous solutioni nitrobenzene after 
reduction with sodiumhydrosulphite is determined with 2-naphthol-3-6-
disulphonic acid (4). A sensitive qualitative test for aliphatic and 
aromatic nitro groups was described by Davidson (5). This test 
involves the use of zinc dust in presence of ammonium chloride as a 
reducing agent and then the addition of benzoyl chloride and ferric 
chloride to form a brilliantly coloured complex. A search of the 
literature shows that no spectrophotometric study of this test has 
been reported. Therefore, it was decided to utilize this test, after 
slight modification, for the determination of aromatic nitro compounds. 
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E X P E R I M E N T A L 
Reagents: Bausch and Lonib Spectronic-20 was used for the spectrophoto-
metrlc work. Ellco pH meter model LI-10 was used for pH measurements. 
All the reagents were of analytical grade. 
Solution of nltro compounds; 1% solution of the organic nitro compound 
was prepared in iso-propyl alcohol. 
Test compounds: Nitro henzene (B.D.H.95%)» £-nitro phenol (SISCO), 
£-nitro toluene (Riedal), g-nitro aniline (Riedel), m-nitrohenzaldehyde 
(Rearal). No further purification was done. 
Solution of ferric nitrate: 5^ solution of ferric nitrate was prepared 
in distilled water. 
Solution of ammonium chloride: 10^ solution of ammonium chloride was 
prepared by dissolving 10 gm of ammonium chloride in 100 ml of 
distilled water. 
Buffer solutions were prepared as described by Britton (6). 
Procedure 
Qualitative investigations: A solution containing 50 ug - 10 mg of the 
nitro compound was placed in a test tube« and was diluted with ethanol 
or propanol to 5 ml. A pinch of zinc dust (lOO mg) and 1 ml of 10^ 
ammonium chloride were added. After shaking for 5 minutes, the 
reaction mixture was filtered on Vhatman No.42 filter paper 3-4 cm. 
14? 
To the fliterate was added 1 drop (0.05 ml) ot acetyl chloride and 
0.2 ml of 5% solution of ferric nitrate. The appearance of violet 
colour (or pink or other dark colour) shows the presence of nitro 
group. 
Quantitative investigations! A solution containing a known amount 
of nitro compound 50 ug - 10 mg was placed in a test tube. To this 
was added zinc dust (100 mg) and 1 ml of 10% NH£.C1 solution. After 
shaking for 5 minutes. The solution was filtered into a 10 ml volumet-
trlc flask on whatman No.42 filter paper 3-4 om. The residue was washed 
with 2 ml portions of propanol and transferred to the same filter 
paper. To the fil-^ate was added 0.08 ml(|acetyl chloride and 0.8 ml 
of 5% ferric nitrate solution. After the colour was developed, the 
solution was mixed well and allowed to stand for 5 minutes* Then the 
volume was made up to 10 ml with propanol. The ahsorbance was taken 
at the optimum wavelength (e.g. 550 nm for nitrobenzene). 
lis 
R E S U L T S 
Qualitative colour testst The colours obtained with the test 
compounds are given in Table 30. 
TABLE 30 
QUALITATIVE TEST OP NITRO COMPOUNDS 
T T 
SI .No. Compound Colour observed 
1. Nitrobenzene 
2. p-nitro toluene 
3. m-dinitrobenzene 
k. 0-nitro toluene 
5. 0 - n i t r o - p - t o l u i d i n e 
6 . 0 -ni tro a n i l i n e 
7. £ - n i t r o an i so le 
8 . 0 -n i t ro benzoic ac id 
9. m-nitro t o l u o l 
10. m-nltro benzaldehyde 
11 . c7C-nltro naphthalene 
12 . m-nitro a n i l i n e 
13* P icr ic ac id 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
D.V. 
R.B. 
D.G. Bl*on 
adding Zn dust 
and NH.CI no 
change further 
TABLE 30 (Contd. ) 
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SI.No. Compound 
T 
Colour oljserved 
±k, £-nitro phenol 
15. £-nitro-benzene-azo chromotropic acid 
16. p-nitro aniline 
17. F-P'-dinitrodiphenyl carhazlde 
18. Hexa-nitro dlphenyl amine 
D.V. 
P.V. in alcohol 
D.V. 
D.B. 
P. colour 
Abbreviations: 
D.V. 
P.V. 
D.G.Bl. 
R.B. 
D.B. 
Deep violet 
Pinkish violet 
Dark greenish blue 
Reddish-brown 
Dark-brown 
Optimum wavelength; The violet colour obtained with nitro benzene in 
the manner described above has the spectrum given in Figure 23. The 
optimum wavelength is 550 nm. The optimum wavelengths of the other 
compounds are 540 nm, 5^ 5 nm, 5^ 5 nm and 5^ 0 nm for m-nitro benzald-
chyde, £-nitro phenol, £-nitro toluene and £;-nitroaniline respectively. 
In all these 5 cases the colour was violet and X___ was nearly 550 nm. 
Effect of ferric nitrate: Using nitrobenzene as test compound. The 
complex formation depends upon the amount of ferric nitrate added. 
Increasing the amount of ferric nitrate increases the absorbance 
up to 0.8 ml of Fe(NO,)-. Addition of more ferric nitrate results in 
150 
0) 
o 
c 
o 
X) 
< 
0 510 20 30 /;0 50 60 70 80 90 600 10 20 30 AO 
Anm 
Fig. 23 Spectrum of violet complex from Nitrobenzene-
15 
decreasing the absorbance. Therefore 0.8 ml Fe(NO^)^ is recommended. 
Effect of acetyl chloride; The complex formation depends much on the 
amount of acetyl chloride. Increasing the amount of acetyl chloride 
decreases the absorbance the best result was obtained using 0.08 ml 
of acetyl chloride for nitrobenzene. 
Effect of time: The time of shaking after addition of zinc dust and 
NH.Cl was 5 minutes. The formation of coloured complex takes 5 minutes 
and the absorbance remains unchange for 2 hours. A slight decrease in 
absorbance was recorded after 2k hours. 
Effect of pH; To study the effect of pH various buffer solutions 
were added to the reaction mixture. It was observed that the foxmatlon 
of the complex for nitro compounds (nitrobenzene) depends upon pH. 
The maximum absorbance for nitrobenzene was obtained at pH 0.5 and on 
addition of buffers of pH higher than 1, precipitation occurs. 
Interferences: Certain organic compoundswere added to nitrobenzene 
and it was found that chlorobenzene, bromobenzene, lodobenzene, acetic 
anhydride and acetic acid have no effect, whereas aniline, benzaldehyde • 
and acetone interfere. 
Composition of the complex; The composition of the complex obtained 
from nitrobenzene was studied by Job's method of continuous variation 
and the result is shown in figure 24. 
Calibration graphs: Calibration graphs were prepared by using 0.8 ml 
of Fe(NOj)« solution and the procedure described above for 50 ug to 
10 mg of respective nitro compounds. The results are shown in Figure 25. 
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D I S C U S S I O N 
(Figure 25) shows that aromatic n i t r o compounds can he 
determined spectrophotometrlcal ly using the proposed procedure. 
The Beer's law i s oheyed in the range of 50 ug to 10 mg for 
nitrobenzene, £ - n i t r o a n i l i n e , m-nltrobenzaldehyde, £ - n l t r o to luene 
and £-n i tro phenol. The sequence of the react ions can he represented 
as fo l lows: 
ArNOg • 2Zn •»• HgO A ArNHOH + 2ZnO 
Ar NHOH + CH,COCI — -^ CHjCO NOHAr + HCl 
3CH_C0 NOHAr ••• Pe^* ~ 
5 ^ 
. ^ fpe (CHjCONOAr)J+ 3H + 
coloured complex 
.3+ 
The formation of Ar NHOH takes place at a pH-5.5 using 
NH|^  01 and zinc dust while the formation of coloured complex with Fe' 
after adding CH_ COCl takes place at a lower pH 0.5. The initial 
pH 5.5 decreases to pH 0.5 hy the addition of acidified ferric nitrate. 
A similar mechanism is given hy Davidson (5) using benzoyl chloride. 
He has used hydrochloric acid to make the solution acidic. 
The formation of violet coloured complex depends upon the 
concentration of acetyl chloride, ferric nitrate, pH. The results 
I s-, ».. 03 
0{i pH effect show that pH « 0.5 is optimum for the measurement of 
aromatic nitro compounds (only nitrobenz^ie tested). It is clear 
from (Figure 2k) that the complex forms in the ratio of BNO„: Fe (2:3), 
The stability (7) of the complex is quite high (K « 10.7 x 10*^  for 
nitrobenzene). The results shov that coloured complex formed is 
stable for 2 hours very little change in absorbance is observed in 
2k hours for all the five compounds tested. However, it teikes 5 min-
utes for the development of the colour. 
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Sensitive IVIethod for Spectrophotometric Determination of 
Amines 
J. p. Rawat and J. P. Singh 
Department of Chemistry, Aligarh Muslim University, Aligetrh, U.P., India 
Amines are alkyl or aryl derivatives of ammonia and ex-
hibit alkaline reactions in many solvents. Therefore, in the 
past years, amines have mainly been determined by acid 
base titrations in aqueous and nonaqueous solutions. Some 
colorimetric methods are available in the literature for the 
determination of amino compounds (1-4). Copper sulfate 
has been used for the determination of ethylenediamine 
(5). Colorimetric determination of small amounts of aro-
matic amines by diazotization was reported by Kuritsyn et 
al. (6). A photometric method for the determination of 
small amounts of aniline has also been reported (7). De-
Atley reported a method for the determination of diphenyl-
amine and its mono nitro derivatives by oxidation with 
iron(III) in sulfuric acid solution. All these spectrophotomet-
ric methods suffer from two limitations: they are less sensi-
tive and cannot be applied for all types of amines. We have, 
therefore, decided to find a sensitive method for the deter-
mination of aliphatic as well as aromatic primary, secon-
dary, and tertiary amines. Small amounts of the amino 
compounds react with acetyl chloride and ferric ion to pro-
duce a greenish violet colored complex. The use of this 
reaction for the determination of amines is described in 
this report. 
EXPERIMENTAL 
Apparatus. A Bausch & Lomb Spectronic-20 (U.S.A.) was used 
for the spectrophotometric work. Elico pH meter Model Ll-10 
(India) was employed for pH measurements. 
Reagents. All the reagents were of analytical grade. 
Solution of Amino Compounds. A 1% solution of the organic 
amino compound was prepared in conductivity water and those 
compounds which were insoluble in water were dissolved in 1-pro-
panol. 
Solution of Ferric Nitrate. A 5% solution of ferric nitrate was 
prepared in conductivity water. 
Solution of Acetyl Chloride. A 1% solution of acetyl chloride 
was prepared by taking 1 ml of acetyl chloride and diluting with 
conductivity water to a total volume of 100 ml. 
Buffer solutions of pH 0-5.5 were prepared as reported (8). , 
Recommended Procedure. A small amount of amino com-
pound (50 Mg-10 mg) was taken in a test tube; to this was added 
gelatin and 1 ml of 1% acetyl chloride solution and 2 ml of 5% ferric 
nitrate solution; after shaking 10 ml of pH 1.8 buffer solution was 
added; and after heating on water bath at 65 °C for 20 minutes, a 
greenish violet color was observed. Then the volume was made up 
to 25 ml with conductivity water and the absorbance was taken at 
the optimum wavelength (550 nm). 
RESULTS 
The absorbance of the violet colored complex formed by 
the action of acetyl chloride and ferric nitrate with amines 
was noted at varying wavelengths. The maximum absorb-
ance (in the form of a plateau) was obtained at 550 nm. In 
order to get the optimum conditions for the determination 
of amines, the effect of possible variables was studied. The 
results are summarized as follows: 
Effect of Temperature. One ml of 1% aniline (v/v) was 
taken in a boiling tube. To this was added 1 ml of 1% acetyl 
chloride and 1 ml of 5% ferric nitrate solution. The reaction 
mixture was kept at the specified temperature for 20 min-
utes in a temperature-controlled water bath. This was then 
transferred to a standard flask of 25-ml capacity and the 
. volume was made up to the mark with water. The absorb-
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Figure 1 . Variation of the absorbance of the greenish violet complex 
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Figure 2. Effect of the amount of ferric nitrate on the formation of 
the colored complex of aniline 
ance was recorded for each set with respect to a blank run 
under the same conditions. The results are given in Figure 
1. 
Effect of Ferric Nitrate Added. One ml of 1% aniline 
(v/v) was taken in a boiling tube. To this were added 0.1 ml 
of 1% acetyl chloride and varying amounts of 5% ferric ni-
trate solution with a small amount of gelatin. The reaction 
mixture was kept at 65 °C for 20 minutes in a temperature-
controlled water bath. This was transferred to a standard 
flask to make the volume 10 ml with conductivity water, 
and it is clear from Figure 2 that complex formation de-
pends upon the amount of ferric nitrate added and that by 
increasing the amount of ferric nitrate, absorbance in-
creases and becomes constant; so 2.0 ml Fe(N03)3 was 
added in every case. 
Effect of the Amount of Acetyl Chloride Added. By 
applying the above procedure and varying the amount of 
acetyl chloride, it was observed that when the amount of 
acetyl chloride was increased, absorbance decreases and be-
comes constant, shown in Figure 3, and the best results 
were obtained by using 1 ml of 1% acetyl chloride (for ani-
line). 
Effect of pH. To study the effect of pH, various buffer 
solutions were added to the reaction mixture. The maxi-
mum absorbance for aniline was obtained at pH 1.8 and, on 
addition of buffers of pH higher than 2.5, precipitation oc-
curs. The results are shown in Figure 4. 
Calibration Curves. Calibration curves were prepared 
applying the same procedure taking 20 /ug-10 mg of amino 
compounds solution. The results are given in Table I. 
Study of Precision. To test the reproducibility of the 
method, ten replicate determinations were made of aniline. 
Figure 4. Effect of pH on the formation of the colored complex with 
aniline 
and the standard deviation was calculated. The results are 
given in Table II. 
Study of the Charge on the Complex. The sign of the 
complex was determined by adding the complexes formed 
by primary, secondary, and tertiary amines to two types of 
resin: (i) Dowex-1, an anion exchange resin, and (ii) Dowex-
50, a cation exchange resin. The reaction mixture was shak-
en for 2-5 minutes and was repeatedly washed with demin-
eralized water till the supernatent layer was colorless. The 
color on the resin beads was noted, and the results are sum-
marized in Table III. 
Interferences Certain organic compounds were added 
to aniline and it was found that nitrobenzene, acetic acid, 
bromobenzene, and benzaldehyde have no effect on the in-
tensity of the color of the complex, whereas phenol, acetic 
anhydride, and benzamide interfere. The absorbance in-
creases with phenol and benzamide while a decrease in ab-
sorbance was noted by the addition of acetic anhydride. 
DISCUSSION 
The results of this study reveal that this reaction can be 
used successfully for the determination of amino com-
pounds. The formation of the greenish violet colored com-
plex is dependent on the temperature (Figure 1), the 
amount of ferric nitrate (Figure 2), and the amount of ace-
tyl chloride (Figure 3). The absorbance of the colored com-
plex is highly dependent on pH (Figure 4) and, therefore, 
careful control of pH is required. This was done by adding 
a sufficient amount of buffer solution of pH 1.8. The opti-
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Table I. Absorbance of the Complex: 
Amine, 
sol. no. 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
Amine 
sol. no. 
1 
2 
3 
4 
5 
Amount, tic 
102.3 
204.6 
306.9 
409.2 
511.5 
1 
93.5 
187.0 
280.5 
374.0 
467.5 
Aniline 
1 
Diethylani 
Formed by Various Amines for Different Amounts 
Absorbance 
0.13 
0.34 
0.55 
0.77 
0.99 
line 
0.15 
0.20 
0.24 
0.29 
0.33 
Methylamme 
349.5 
699.0 
1048.5 
1398.0 
1747.5 
Amylamine 
Amount, y,g Absorbance 
383 
766 
1149 
1532 
1915 
0.08 
0.18 
0.30 
0.40 
0.51 
0.16 
0.21 
0.27 
0.33 
0.40 
Diphenyli 
Amount, ug 
20 
40 
60 
80 
100 
amine 
Absorbance 
0.15 
0.23 
0.32 
0.41 
0.49 
Phenylene diamine 
100 
200 
300 
400 
500 
0.29 
0.51 
0.72 
0.95 
1.18 
Ethylammc 
344.5 
689.0 
1033.5 
1378.0 
1722.5 
1,3 -Diammopropane 
Amount, p^g 
89 
178 
267 
356 
445 
Absorbance 
0.08 
0.15 
0.21 
0.27 
0.35 
0.12 
0.19 
0.26 
0.32 
0.38 
Amount, /jg 
490.5 
981.0 
1471.5 
1962.0 
2452.5 
1 
100 
200 
300 
400 
500 
Pyridine 
3-Toluidme 
Absorbance 
0.09 
0.15 
0.22 
0.27 
0.34 
0.18 
0.58 
0.99 
1.41 
Isopropylamme 
347 
694 
1041 
1388 
1735 
Morpholme 
Amount, ixg 
499.5 
999.0 
1498.5 
1998.0 
2497.5 
0.15 
0.26 
0.38 
0.49 
0.60 
Pipendme 
Absorbance Amount, tig 
0.13 
0.17 
0.21 
0.24 
0.28 
430 
860 
1290 
1720 
2150 
Absorbance 
0.06 
0.16 
0.26 
0.36 
0.44 
Table II. Reproducibility of Replicate 
Determinations of Aniline" 
10 
Amount 
taken, ng 
205 
205 
205 
205 
205 
205 
205 
205 
205 
205 
Amount 
found, (xg 
199 
205 
210 
205 
210 
205 
199 
199 
205 
210 
" Standard deviation = 4.50 Mg-
Error, % 
-3 
0 
+2.5 
0 
+2.5 
0 
-3 
-3 
0 
+2.5 
Table III. Color of the Resin Beads on Treatment with 
the Colored Complex of Amines 
Sol. Coloi ot 
no, rcsin bt jds Rrbin Anilmc Diphenylamine Diethylaniline 
1 Very light Dowex-1 No No No 
yellow change change change 
2 Very light Dowex-50 Greenish Greenish Greenish 
yellow violet violet violet 
mum conditions are described in the recommended proce-
dure. After these conditions were set, the caHbration curves 
for various amines were found to be reproducible (Table I). 
The standard deviation for ten different measurements of 
205 Mg of aniline was 4.50 ng (Table II) and the maximum 
error was ±3% which is within the spectrophotometric 
error range. This method can also be applied to the deter-
mination of other amines. 
The mechanism of the formation of the greenish violet 
colored complex may be represented as follows. The amines 
first react with acetyl chloride by a nucleophilic attack on 
the carbon atom of carbonyl group. 
With Primary Amines. 
H 0^ P 
R—N:,.+ CH,—C—CI 
0 " 
CHj—C—CI 
H—N"^—R 
1 
H 
This intermediate compound gives an amide by elimina-
tion of a proton and a chloride ion 
0~ 
I 
CH,—C—CI 
H—N+—R 
I 
H 
' 0 
CHs—C-J-Cl 
H—N—R 
0 
II • 
CH3—C 
I 
H—N—R(amide) 
The amide then forms a positively charged colored complex 
with ferric ion. 
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With Secondary Amines 
R O 0~ 
I II I 
R—N-^+ CH3—C—CI =^F=* CH3—C—CI 
R—N"^—R 
-HCl 
H 
0 R 
II I 
CH,—C—N—R 
O R 
Fe"^  + 3CH3—C—N—R 5?=^ [Fe(CH3CONE2)3]' 
Greenish Violet Complex 
,3+ 
With Tertiary Amines 
R 0 0 " 
• II 1 II 1 
R — N . ^ CH3—C—CI = ^ CH3—C— 
R R—N""-
1 
R 
Fe'"^ + SCCHjCONRa) = ^ Fe(CH3 
CI ^ ^ 
- R 
0 R 
II 1 
CH3—C—N-
0 
II 
—C—NR2)3. 
3+ 
—R 
Fe'+ + 3(CH3CONRH) ^ ? ^ 
0 H 
II I , 
CHj—C—N+—R 
H Fe y^ or [Fe(CHiC0NRH)3f 
0 \ y ^N* O 
/ R CH3 
CH. 
Greenish Violet 
Colored Complex 
Greenish Violet Complex 
The confirmation of this mechanism is obtained by the re-
sults of Table III; according to that, the complex formed is 
positively charged. 
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